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Effect of Pregnancy on the Course of 
Heart Disease 


Re-evaluation of 106 Cardiac Patients Three to Five 
Years after Pregnancy 


By Mary M. Miter, M.D. anp JAmes Mertcatrs, M.D. 


One hundred and six patients have been restudied three and one-half to 5 years (average 4.1 years) 
after they were observed with pregnancy and heart disease at the Boston Lying-in Hospital. 

This re-evaluation indicated that the altered circulatory dynamics of pregnancy may temporarily 
decrease functional capacity. However, no permanent change in degree of heart disease could be 
directly attributed to the pregnancy for which these patients were followed in 1950 and 1951. 


HE woman with heart disease who has 

entered or is planning pregnancy will 

ask a series of questions involving her 
immediate and remote prognosis. One of the 
questions involves her chance of surviving preg- 
nancy. Many studies have been reported evalu- 
ating the mortality during pregnancy and the 
puerperium in women with heart disease. 
This mortality varies from less than 1 per 
cent to more than 3 per cent in patients under 
careful medical management throughout their 
pregnancies. As pointed out by Hamilton! 
in his recent summary of cardiovascular 
problems in pregnancy, the immediate ma- 
ernal mortality will be influenced by the 
everity of the heart disease at the time of 
wregnancy judged by a careful review of the 
vatient’s history, with particular regard to 
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the previous occurrence of episodes of heart 
failure, the maternal age, the availability of 
good medical and obstetrical advice and the 
cooperation of the patient in accepting this 
advice. It will also be affected by the policy 
of the patient’s physicians .toward the inter- 
ruption of pregnancy, since if pregnancy is 
interrupted early in all patients with severe 
heart disease, the immediate maternal mor- 
tality might decline, possibly at the cost of 
an increased fetal mortality. 

A second question to be expected from the 
woman with heart disease entering pregnancy 
is what chance she has of producing a living 
infant. The infant mortality when the mother 
has heart disease has been studied in several 
large clinics. Bunim and Appel? reported an 
infant mortality rate of 6 per cent in women 
with compensated heart disease and one of 
15 per cent for infants of mothers in con- 
gestive heart failure, excluding the fetuses 
lost through therapeutic interruption. If to 
this is added the fetal mortality due to thera- 
peutic interruption of pregnancy, the total 
fetal mortality may be as high as 35 per cent 
in women with congestive failure during 
pregnancy. Litzenberg*® in a recent review of 
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the literature states that the mortality of 
infants born to patients classified functionally 
in class I and II by the American Heart 
Association Classification will be the same 
as in patients with no heart disease, while 
those born of mothers in class III and IV, 
under the same classification, will have a 30 
per cent mortality. 

Thus, these two questions can be answered 
in fairly definite terms. The woman with well 
compensated heart disease, who is class I 
or class II by the functional classification of 
the American Heart Association, has better 
than a 97 per cent chance of surviving preg- 
nancy and about as good a chance of pro- 
ducing a living baby as the woman without 
heart disease. 

A third question that the pregnant woman 
with heart disease logically may be expected 
to ask is in regard to her prognosis for life 
and health, once the immediate dangers of 
pregnancy are past. Few data are available 
to answer that question. For this reason a 
follow-up study of those women with heart 
disease who were seen during pregnancy in 


the Boston Lying-in Hospital is being made. 
This is the first report on that study. 


MATERIAL 


In July 1950 Dr. C. Sidney Burwell and his 
associates assumed responsibility for the 
medical clinie at the Boston Lying-in Hospital. 
In the ensuing 18 months, 91 cardiac patients 
were delivered, and an additional 15 patients, 
delivered shortly before July 1950, were 
seen and evaluated at a postpartum visit to 
the medical clinic. This total of 106 patients 
included 92 with rheumatic heart disease, 
8 with congenital heart disease, 1 with hyper- 
tensive cardiovascular disease, 1 with com- 
bined hypertensive and rheumatic heart 
disease, and 4 with “potential” rheumatic 
heart disease. The patients, at the time of 
pregnancy,* were classified according to 


* Patients were classified as to functional status 
at the eighth month of pregnancy or at the time of 
interruption. Ideally their pre-pregnant classifica- 
tion should have been used but we did not see them 
until they were pregnant. 


functional capacity (American Heart Associa- 
tion Classification) as follows: 


No heart disease t 4 
Class I cardiac disease 64 
Class II cardiac disease 19 
Class III cardiac disease......... 14 
Class IV cardiac disease 5 


In the group there were 16 interruptions of 
pregnancy because of heart disease, 2 inter- 
ruptions for noncardiac reasons, and 4 spon- 
taneous abortions. Eighty-four patients con- 
tinued through pregnancy (81 of these had a 
living baby). 

There were no maternal deaths during preg- 
nancy or in the postpartum period in this group 
of 106 patients. 

These 106 patients were recalled in order 
to study the evolution of the mothers’ heart 
disease, and thereby to clarify the course of 
cardiac patients following pregnancy. The 
re-evaluation was accomplished in a 6-month 
period between January and June, 1955. 
The planned work-up included history, phys- 
ical examination, vital capacity, electro- 
‘ardiogram, fluoroscopy with barium swallow, 
and routine chest film. Such a study was com- 
pleted in 85 patients who came to the clinic, 
while a history was procured by telephone 
or letter in the remaining 21 patients who 
could not report for more specific study. 

This group of 106 was selected only in so 
far as it comprised all the patients followed 
within a specified time interval in a metro- 
politan obstetrical hospital and referred to 
the hospital’s medical clinic because of heart 
disease. The follow-up period of 3 to 5 years 
was selected because the changes since preg- 
nancy could be evaluated by the same group 
of physicians that had supervised the thera- 
peutic regimen during pregnancy. While the 
follow-up veriod is short, re-evaluation after 
even this time serves to indicate certain 
trends in cardiac patient behavior. Report: 
of all examinations made were sent to famils 
doctors or to local clinics. The patients wer 

t Patients with symptoms or signs referable to th 
heart but in whom a diagnosis of cardiac disease i 
uncertain. At the time of pregnancy heart diseas 
could not be excluded in these patients. 
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again classified as to functional capacity 
(American Heart Association Classification) as 
follows: 


No heart disease 

Class I cardiac disease 

Class II cardiac disease......... 
Class III cardiac disease......... 
Class IV cardiac disease 


The changes in classification between the 
original examination (July 1950-December 
1951) and the present examination (January 
1955-June 1955) are shown in table 1. 

As shown in table 1, the 4 patients who were 
classified during pregnancy as “no heart 
disease, undiagnosed manifestation’ were, 
on re-examination, found to have no heart 
disease, but only a_ predisposing etiologic 
factor, rheumatic fever. The total group 
now classified as having no heart disease also 
includes 4 patients originally placed in class I. 
The other 60 patients who had been in class I 
are classified at the present time as follows: 
50 in class I, 8 in class II, 2 in class III. Of 
the 19 patients originally in class II, there are 
at present 9 in class I, 8 in class II, 1 in class 
III and 1 dead. The 14 patients who were 
in class III are now classified as follows: 
5 in class I (improvement in 1 after valvulo- 
plasty), 5 in class II (improvement in 1 after 
valvuloplasty), 3 in class III, and 1 dead. 
Of the 5 patients who were class IV during 
pregnancy, 3 had a valvuloplasty performed 
after delivery and are now in class I; 2 did 
not have valvuloplasty, and of these, 1 is 
iow in class IIT and 1 is dead. 

Thus re-evaluation revealed an unchanged 
unctional classification in 65 patients and an 
mprovement in classification in 27 (5 with 
‘alvuloplasty). There was worsening of heart 
lisease in terms of functional classification in 

4 patients. These data are summarized below: 


Total patients 106 
After 4.1 years 

Dead 

Worse 

Unchanged 

Better 


TABLE 1.—Comparison of Functional Classification 
during Pregnancy with Functional Capacity at Re- 
evaluacion Three to Five Years after Pregnancy in 106 
Women with Heart Disease 


Present Class 
Original Class | No 
| heart 
\disease 


21| 11—7| Iv—o ae 











during pregnancy is indicated at the left hand column 
of the table. The number of women in each class at re- 
evaluation is indicated at the top of the table. The 
origin of each of the present groups can be determined 
by locating them horizontally in the table so that 
their original classification is seen at the left. The 
heavily outlined squares contain the numbers of pa- 
tients whose classification has remained the same. To 
the left of these squares are seen the number in each 
of the original classes whose present classification is 
improved. To the right of the darkly lined squares are 
seen those whose present status is functionally worse 
than when evaluated during pregnancy. 


In 6 of the 27 patients who showed an im- 
provement in functional classification, the 
change was attributed to an operative pro- 
cedure performed since pregnancy. One pa- 
tient with a coarctation of the aorta was much 
improved following excision of this lesion.* 
Five valvuloplasties were performed after 
pregnancy for relief of mitral stenosis, with 
definite improvement in each case. In some 
of the other patients in whom functional 
classification improved, the improvement may 
have been more apparent than real; the altered 
dynamics of pregnancy may well have tempo- 
rarily diminished functional capacity. In other 
instances there may have been spontaneous 


* A second patient with a coarctation of the aorta 
was not operated upon because of an associated 
papillary cystadenocarcinoma of the ovaries; a third 
patient has done so well that excision has not been 
advised. 
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healing of inflammatory valvular lesions in 
the interval between the 2 examinations.‘ 

In the group of 14 patients who showed 
worsening of heart disease, there were three 
deaths. These are discussed later. The re- 
maining 11 patients may be compared with 
those who showed improvement or no change 
in functional classification. The group that 
showed progression had an average age of 
31.5 years, which did not differ significantly 
from the average age of 33.1 for the improved 
group, or 31.7 for the unchanged group. The 
average number of pregnancies in the patients 
who progressed was 2.6 per patient, which 
does not differ from the average of 2.5 for 
the improved group, or 3.1 for the unchanged 
group. The patients who are now pregnant 
include 3 of the 11 who progressed, 2 of the 
27 who improved and 4 of the 65 who re- 
mained unchanged. 

Of the 11 patients who showed progression, 
the three who are now pregnant note increased 
symptoms during their present pregnancies. 
The progression of heart disease in the other 
eight patients of this group does not appear 
to be directly related to past pregnancies. 
It seems rather to be a result of the evolution 
of rheumatic heart disease. 

The three deaths in the total group of 106 
patients were all confirmed by official copies 
of Certificates of Death. These three patients 
are of such interest and significance that their 
histories will be outlined. 

The first patient had a diagnosis of both 
hypertensive cardiovascular disease and rheu- 
matic heart disease with mitral stenosis. 
She was first seen at the age of 27 with a past 
history of recurrent rheumatic fever and of 
hypertension of nine years’ duration. There 
had been a miscarriage at 20 weeks’ gestation 
at the age of 26. The only symptom during 
the pregnancy for which she was seen was 
persistent headache. Physical examination 
revealed elevated blood pressure (190/110— 
210/120), grade II eyeground changes, and an 
enlarged heart with signs of mitral stenosis 





+t This calculated average excludes one patient 
who had 16 viable babies; inclusion of this unusual 
patient would give an average for the improved group 
of three pregnancies. 


and mitral insufficiency. There was electro- 
cardiographic and x-ray evidence of left 
ventricular hypertrophy. Her functional clas- 
sification was class II. The pregnancy was 
interrupted at five months gestation, and the 
patient was sterilized. She died three years 
later of a cerebral vascular accident. 

The second patient was seen first at the 
age of 25 with a clear history of multiple 
attacks of rheumatic fever and with physical 
findings of mitral stenosis, mitral insufficiency, 
aortic stenosis and aortic insufficiency, as 
well as atrial fibrillation. She had a history of a 
normal full-term delivery at 21, and a spon- 
taneous abortion at three months at the age 
of 22. This patient had congestive heart 
failure early in the pregnancy for which she 
was seen at the Boston Lying-in Hospital. 
Her functional classification was class III. 
Electrocardiographic and x-ray abnormali- 
ties were present. The pregnancy was inter- 
rupted in the third month and the patient 
was sterilized. She died four years later, and 
autopsy showed evidence of acute rheumatic 
fever, as well as multiple valve lesions. 

The third patient, 40 years old when first 
seen, had rheumatic heart disease with both 
aortic and mitral valvular disease. There was 
a past history of a single attack of rheumatic 
fever. She had taken digitalis irregularly for a 


‘period of 13 years. She had delivered a still- 


born child at 23; two subsequent pregnancies 
were complicated by toxemia, but viable 
babies were delivered by cesarean section. 
History and physical examination during the 
fourth pregnancy revealed early cardiac failure. 
Her functional classification was class IV. 
Electrocardiogram showed left bundle branch 
block; chest x-ray films revealed cardiac en- 
largement and increased vascular markings. 
The patient was admitted for interruption, 
but had a spontaneous abortion at three and 
one half months. Her failure cleared and she 
returned to work. She died six months later in 
another attack of cardiac failure. 

Therefore, three patients, in a total of 106, 
died during the 3 to 5 year follow-up period. 
They were all severely ill cardiac patients and 
evidence indicates that the pregnancies for 
which they were seen did not contribute 














directly to their deaths. Indeed, none of these 
three patients underwent the full circulatory 
burden of pregnancy. It is a striking fact that 
none of the women who were allowed to com- 
plete pregnancy died in the follow-up period. 
That the three patients who died were among 
those with severe heart disease is indicated 
by the fact that their pregnancies were inter- 
rupted. 

A re-evaluation, such as was accomplished 
in this study, offered a unique opportunity 
to gather data concerning rheumatic heart 
disease in women of childbearing age. History, 
physical examination, and laboratory data 
all contributed interesting information. 

A history of multiple attacks of rheumatic 
fever was found in 28 patients (13 class I, 
7 class II, 7 class III, 1 class IV). In this 
group of 28, there were 10 interruptions 
of pregnancy and 12 sterilizations, while in 
the total group of 106 there were only 16 
interruptions. Three of the five patients 
who had atrial fibrillation in 1950 and 1951 
are in this group. These observations indicate 
that patients with a history of repeated at- 
tacks of rheumatic fever tend to develop 
more severe heart disease and warrant special 
observation during pregnancy. 

The most frequently observed valve lesions, 
single or combined, found in the patients with 
rheumatic heart disease, were as follows: 


Mitral stenosis and mitral in- 


Mitral stenosis, mitral insuffi- 
ciency, aortic stenosis, and 
aortic insufficiency 

Mitral insufficiency 


Mitral stenosis was the predominant lesion in 
ver 50 per cent of the rheumatic patients. 

Of the 71 patients with rheumatic heart 
lisease who reported to the clinic for a com- 
ilete examination, 16 were noted to have 
‘ained or lost murmurs in the past 3 to 5 
sars. The murmur of mitral stenosis was lost 
n 4 and gained in 2 cases; that of mitral 
asufficiency was lost in 2 and gained in 1 
ase; those of mitral stenosis and mitral 
isufficiency were lost in one case; that of 
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aortic stenosis was gained in five cases; and 
murmurs indicating a combination of mitral 
insufficiency and aortic stenosis were gained 
in one case. The disappearance of murmurs 
following delivery may be due to the altered 
circulatory dynamics of the pregnant state. 
The murmur that most frequently appeared 
was that of aortic stenosis, as might be ex- 
pected in an older group. One of the two pa- 
tients in whom the murmur of mitral stenosis 
appeared was in the sixth month of a third 
pregnancy at the time of the re-examination; 
the other patient was a 23 year old girl in 
whom the progression of rheumatic heart 
disease was apparent in that she showed a 
concomitant decrease in functional capacity. 

Two of the 16 patients who in 1950 to 1951 
had signs of, or a past history of, cardiac 
failure were dead at the time of the re-evalua- 
tion. Of the remaining 14 patients with pre- 
vious failure none has shown progression of 
heart disease in terms of functional classifica- 
tion. However, only 3 have not been sterilized 
and only 1 has had a subsequent pregnancy.* 
Five valvuloplasties were performed on pa- 
tients who had evidence of cardiac failure in 
1950 to 1951; all these were improved but 
only 2 of the 5 had not been previously steri- 
lized; these patients have not had a subse- 
quent pregnancy. There was no clear evidence 
of cardiac failure in any of the patients who 
were re-examined although enlarged, tender 
livers were palpable in 2 patients. 

Atrial fibrillation persisted in all patients 
who had this rhythm in 1950; of these, 4 
are living and 1 is dead. Two patients have 
developed atrial fibrillation since their previous 
examinations. Of these 2, 1 had intermittent 
episodes of atrial fibrillation in 1950, and the 
other had an undiagnosed arrhythmia during 
pregnancy. 

Not all of the 85 patients who were re- 
examined had electrocardiograms and full 
size x-ray films of the chest made during 
pregnancy. In cases where old tracings and 
films were available for comparison, there 


* This patient was pregnant at the time of ex- 
amination and was found to have an enlarged tender 
liver without other clear evidence of cardiac failure 
or of active rheumatic fever. 
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was evidence of a change in the electro- 
cardiogram in 10 cases, 3 showing improve- 
ment and 7 showing increased electrocardio- 
graphic abnormality. Comparison of available 
x-ray films showed a smaller heart or decreased 
vascular markings in 9 patients, and a larger 
heart in 5 patients. There was no apparent 
relationship between the x-ray and electro- 
cardiographic changes and the changes in 
functional capacity except in patients who 
had had valvuloplasty. Here, there was definite 
correlation. 

In the eight patients with congenital heart 
disease, cardiac catheterization was not per- 
formed to assess the nature of the lesions. 
Probable diagnoses based on available work-up 
were as follows: interatrial septal defect, 1 
patient; subaortic stenosis, 2 patients; pul- 
monic stenosis, 2 patients; coarctation of the 
aorta, 3 patients. 

DiIscussION 

The course of the 106 cardiac patients who 
were observed during this study was sur- 
prisingly good in regard to both survival and 
well-being. There were no maternal deaths 
during pregnancy or in the postpartum period 
in this group of 106 patients. Three to 5 years 
after their pregnancies only 3 of the 106 
patients were dead. Sixty-five patients (61 
per cent) were functionally unchanged ac- 
cording to the American Heart Association 
Classification, and 27 patients (26 per cent) 
showed an improvement in their cardiac 
functional ability. In 5 of these this improve- 
ment could be attributed to valvuloplasty 
and in another to resection for coarctation of 
the aorta. Only 14 patients (12 per cent) 
showed progression of heart disease in terms 
of functional classification. 

Because of the small number of patients 
with congenital heart disease in this study, 
no conclusions can be drawn as to the effect 
of pregnancy on congenital heart disease, and 
the following comments apply to the 92 pa- 
tients with rheumatic heart disease. 

Several explanations may be invoked to 
explain the relatively benign course of the 
patients in this study. As has been known 
since Grant’s classic work,® the adult patient 


with valvular heart disease may maintain 
well-being for many years before the inter- 
vention of congestive heart failure. Further- 
more, all our patients had already survived 
to the childbearing age and thus had passed 
the period of greatest mortality in the natural 
history of rheumatic fever. According to 
Wilson,* two thirds of the total mortality in 
children with rheumatic fever occurs before 
puberty and of those who survive to age 15, 
over 70 per cent can be expected to survive 
to age 40. In the study of Bland and Jones‘ 
of 1,000 patients who survived their first 
attack of rheumatic fever at an average 
age of 8 years, 202 were dead at the end of 10 
years, and only an additional 99 died in the 
second 10 years following their initial attack 
of rheumatic fever. Twenty years after the 
acute attack, 699 of the original group were 
alive (380 with rheumatic heart disease) and 
of these, 3 out of 4 had little or no limitation. 
Thus, in a real sense, our patients had been 
selected by the natural history of rheumatic 
fever as a group with a relatively good prog- 
nosis. In addition, in 5 of the patients with 
severe rheumatic heart disease and in 1 with 
congenital heart disease (coarctation of the 
aorta) the natural history of the disease was 
altered by surgery. 

The patients were further selected by the 
fact that they were well enough to become 
pregnant and to complete it, except for the 
16 who had therapeutic abortion. 

In the past, the influence of pregnancy on 
the natural course of rheumatic heart disease 
has been studied largely by reviewing the 
childbearing record in known cardiac patients. 
Boyer and Nadas,’ in a careful review of the 
age at death in nulliparous women in com- 
parison to those who had survived pregnancy, 
came to the conclusion that women who have 
borne children do not die sooner than either 
nulliparous women or males with rheumatic 
heart disease. Furthermore, according to their 
studies, even multiple pregnancies could not 
be held accountable for any reduction in the 
average age at death. This study wisely ex- 
cluded patients who had not survived to the 
end of the reproductive period (age 40) be- 
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‘ause some nulliparae died too early to have a 
chance at pregnancy. 

Little follow-up work comparable with that 
presented here has come to our attention. 
In the discussion of a paper presented by Carr 
and Hamilton,’ Dr. B. P. Watson reported 
that of 223 patients with heart disease who 
survived pregnancy, 9 died within 1 year after 
delivery, 6 died in the second year after 
delivery and 31 were dead within 10 years of 
delivery. Naish’s attempt® to study the remote 
effects of pregnancy in cardiac patients is 
largely invalidated by the fact that she was 
able to report on only 95 of a total of 426 
pregnant cardiac patients. Of this group of 
95, seen an average of 5 years after pregnancy, 
3 were dead and 37 per cent were worse than 
before pregnancy. 

Haig and Gilchrist'® conducted a follow-up 
study of 295 women observed during pregnancy 
from 1 to 10 years previously. The average 
duration of follow-up is not given. Forty-one 
women had died since pregnancy, the majority 
of deaths occurring in those women who were 
classified as class IV during pregnancy. They 
felt that the burden of pregnancy was capable 
of causing congestive heart failure in a woman 
roughly 5 to 7 years before it would appear in 
the normal course of events. 

The careful studies of Gorenberg and 
Chesley" lead to a more optimistic conclusion. 
They state ‘There is nothing to suggest that 
the heart is damaged by childbearing or that 
the course of the rheumatic process is thereby 
accelerated.’’ They examined 260 women 9 to 
14 years after delivery. The groups are there- 
fore to some extent not comparable, and this 
may explain their observation of a higher 
annual death rate (26.6 per 1000 per year) 
than was observed in the relatively short 
follow-up period of the present series (8.0 
per 1000 per year). Cardiac surgery, by alter- 
ing the natural course of rheumatic heart 
disease, has probably also played a part in 
lowering the annual mortality in our group. 

Valvuloplasty performed since pregnancy 
has produced impressive results in the five 
patients in whom it was performed; all had 
functional improvement. The greatest im- 
provement in the total group of 106 patients 


was found in three of the patients who had 
valvuloplasty. This symptomatic improve- 
ment was directly correlated in the 2 patients 
who reported to the clinic with improved 
x-ray findings, i.e., smaller heart size and 
decreased pulmonary vascular markings, and 
a decreased notching of the P waves in the 
electrocardiogram. These results make it 
necessary to discard a therapeutic concept 
prevalent in 1950 and 1951, i.e., that inter- 
ruption of pregnancy for cardiac indications 
should automatically be followed by steriliza- 
tion. Since the functional capacity of cardiac 
patients may be changed from class IV to 
class I by operation, this concept is no longer 
valid. With increasing knowledge and im- 
proving methods of therapy the indications 
for interruption of pregnancy are becoming 
more limited. 

It should be emphasized again that the 
improvement in functional ability of some of 
the patients seen in this study may have 
been due in large part to the fact that their 
first classification was made during preg- 
nancy, while in the great majority their 
follow-up evaluation was while nonpregnant. 
However, nine of the patients re-evaluated 
were pregnant at the time of the present study. 
Despite the circulatory burdens of pregnancy” 
2 of these pregnant patients showed improve- 
ment in terms of functional classification, 4 
remained unchanged and only 3 showed a 
lower functional classification during the 
period of their present pregnancy. 

With regard to management as a factor 
affecting prognosis the following points may 
be made. A significant fraction of the patients 
in the medical clinic of the Boston Lying-in 
Hospital, between one third and one half, are 
not aware that they have heart disease until 
the diagnosis is made during the pregnancy. 
This is partly because they have not been to 
physicians and partly because the increased 
cardiac work of pregnancy tends to increase 
the evidence of valvular heart disease and to 
make the diagnosis less difficult. There seems 
to be no doubt, then, that through the Lying-in 
Hospital a considerable number of women 
come under systematic medical supervision 
who otherwise would not have it. We take 
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great pains in the medical clinic at the Boston 
Lying-in Hospital to try to arrange for a con- 
tinuing follow-up for all of our patients with 
heart disease. They are referred with complete 
information to a private physician of their 
own choice or to one of the many competent 
medical or cardiac clinics in the community. 
We are impressed with the probability that 
the education of these patients during the 
months of pregnancy appears in many to be 
followed by a more responsible attitude on 
their part toward their cardiac disease. 


SUMMARY 


One hundred and six patients have been 
restudied three and one half to five years 
(average 4.1 years) after they were observed 
with pregnancy and heart disease at the 
Boston Lying-in Hospital. No patient died 
during pregnancy or the puerperium. Only 
three have died since; 92 patients have shown 
eithernochange oran improvement in functional 
classification. 

This re-evaluation indicated that the altered 
circulatory dynamics of pregnancy may 
temporarily decrease functional capacity. How- 
ever, no permanent change in degree of heart 
disease could be directly attributed to the 
pregnancy for which these patients were 
followed in 1950 to 1951. 


SUMMARIO IN INTERLINGUA 


Cento sex patientes esseva restudiate a 


periodos de inter 314 e 5 annos (periodo me- 
dian: 4,1 annos) post que illas habeva essite 
observate con graviditate e morbo cardiac al 
Maternitate Boston. Nulle patiente moriva 
durante graviditate o puerperio. Solmente tres 


ha morite al tempore del presente studio; 92 ha 
monstrate un melioration del classification 
functional o nulle alteration. 


Iste re-evalutation indica que le alterate 
dynamica circulatori del graviditate pote 
temporarimente reducer le capacitate func- 
tional. Tamen, nulle alteration permanente del 
grado de morbo cardiac poteva esser attribuite 
directemente al graviditate pro que le patientes 
esseva sub observation in le annos 1950 a 1951. 
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\ Controlled Study 


of the Effect of Intermit- 


tent Heparin Therapy on the Course of 
Human Coronary Atherosclerosis 


By H. ENce.pere, M.D., R. Kunn, M.D. anp M. Sremman, M.D. 


Heparin, 200 mg. subcutaneously, was administered twice weekly to a group of 105 patients with 
known previous myocardial infarction. A comparable control group of 117 individuals received 
saline placebos. Over a two-year period, there were 21 deaths due to cardiovascular disease in the 
placebo group, 4 cardiovascular deaths in the heparin group. The observed differences in deaths 
between the two groups is statistically significant, p < .01. The results indicate that heparin, in the 
dosage and manner administered, retards the progress of atherosclerotic disease in patients with 


coronary atherosclerosis. 


HE state of the circulating lipids has 

been the subject of intensive study in 

the past few years. These lipids do not 
exist in plasma as pure cholesterol, phospho- 
lipid or neutral fat but are bound to protein in 
the form of complex lipoprotein molecules. 
Lipoproteins form a spectrum of compounds of 
varying size and density, and contain different 
proportions of cholestero!, phospholipid, tri- 
vlycerides and protein. They can be grossly 
separated into alpha and beta lipoproteins by 
electrophoretic or chemical technics, and more 
quantitatively defined by  ultracentrifugal 
analysis into high and low density lipoproteins 
of varying §; classes. Precise delineation of 
plasma lipoproteins is not only valuable in 
furthering our understanding of fat metabolism, 
but is clinically important since the circulating 
lipids are probably the major source of the 
increased fats found in atherosclerotic vessel 
valls. Entrappment of infiltrating lipid particles 
vecurs in the arterial wall, which acts as a 
ilter of molecules circulating in the blood. In 
his process particle size, shape and charge are 
indoubtedly of importance, and it may well be 
hat changes in the vascular ground substance 
ilso play a major role. Thus the straining 
roperties of the vascular wall rather than the 
‘arying chemical composition of the lipo- 
rotein complexes affords a rational explana- 
ion for the differential etiologic significance in 
therosclerosis of the various lipoproteins.) * 


From the Cedars of Lebanon Hospital, Los 
.ngeles, Calif. 


In general, the ultracentrifugally defined low 
density lipoproteins, and the electrophoret- 
ically or chemically separated 8-lipoproteins, 
demonstrate a close correlation with clinical 
coronary atherosclerotic disease, whereas the 
smaller high density (alpha*) lipoproteins do 
not. Since all lipoproteins contain cholesterol 
in varying concentrations, it is apparent that 
cholesterol levels on the one hand and low 
density or beta lipoprotein levels on the other 
are not necessarily parallel. 

A body of evidence has been accumulating 
which suggests that heparin -plays a physio- 
logic role in the serum transport phase of fat 
metabolism. Chargaff and coworkers in 1941 
noted that heparin possessed the property of 
altering the characteristics of naturally occur- 
ring lipoproteins. In 1943 Hahn‘ found that 
heparin abolished alimentary lipemia, an 
observation extended to other species by 
Weld.® Anderson and Fawcett® demonstrated 
that postheparin plasma could clear lipemia 
in vitro. The lipid alterations involved in the 
“clearing” or reduction in turbidity of lipemic 
plasma were clarified by the observation from 
Gofman’s group,’ with subsequent confirma- 
tion’ that there is a rapid and profound 
alteration in the blood lipoprotein spectrum, 
following the administration of heparin. When 
it is injected into humans or experimental 


* The precise relationship between high density 
lipoproteins (ultracentrifugal analysis) and a-lipo- 
proteins (electrophoretic or chemical analysis) has 
not been defined. 


Circulation, Volume XIII, April, 1956 
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animals whose plasmas contain elevated levels 
of chylomicrons or of abnormal low density 
or beta lipoproteins, these components rapidly 
disappear from the plasma. Subsequent. in- 
vestigation’ disclosed that a true lipolysis of 
neutral fat occurs with a splitting off of free 
fatty acids and glycerol and that this process 
is associated with a removal of fat from the 
blood stream.!®:"' The demonstrations that 
biologically active heparin is normally present 
in the blood,” that plasma may have clearing 
activity without the prior injection of heparin®, 
and that lipemia increases following the injec- 
tion of antiheparin agents! lend support to the 
concept that heparin plays a normal role in the 
interconversion of serum lipoproteins. 

Other lines of investigation suggest that a 
deficiency of endogenous heparin may be one 
of the primary causes of excessively elevated 
serum lipids (more specifically of chylomicra, 
low density lipoproteins, or 8-lipoproteins). It 
has been found in studies of mast cells (the 
source of heparin in the animal body) in rats 
and rabbits'® that rats, which are highly 
resistant to experimental atherosclerosis re- 
sulting from fat feedings, have many more 
mast cells than rabbits, which are highly 
susceptible to atherosclerosis. More recently,'® 
it was shown that there are significantly less 
mast cells in humans with extensive athero- 
sclerosis at autopsy than in nonatherosclerotics 
in the same age groups. Using protamine” and 
toluidine blue™ titration technics, which are 
not specific for heparin, slightly decreased 
amounts of substances which combine with 
these chemicals were found in the blood of 
atherosclerotic patients as compared with the 
blood of normal individuals. Measurements of 
circulating heparin” indicate that there is an 
inverse relationship between the low density 
S; 0-400 lipoproteins and endogenous plasma 
heparin levels. If these latter results are con- 
firmed by further investigation, it will suggest 
an analogy between insulin deficiency, ab- 
normal carbohydrate metabolism and dia- 
betes mellitus on the one hand, and heparin 
deficiency, abnormal serum lipid metabolism 
and atherosclerosis on the other. 

Several investigators have found that the 
daily injection of adequate amounts of heparin 


in cholesterol-fat fed experimental animals 
minimizes the degree of hypercholesterolemia 
and reduces the extent of subsequent athero- 
sclerosis.”: 7°-? Unfortunately in humans, con- 
flicting reports as to the efficacy of heparin in 
the treatment of angina pectoris have diverted 
attention from the more fundamental bio- 
chemical and pathologic studies. Angina is 
difficult to evaluate at best and therapeutic 
results can be submerged when the patient 
group is diluted with placebo reactors. Further- 
more, we believe there is a carryover effect for 
several weeks to months after heparin is 
stopped which has led to misinterpretation of 
the results in blind studies, using placebos. 
However, results in angina are of secondary 
importance since it is, after all, a symptom of 
pre-existing disease which may or may not be 
amenable to therapy. In view of the alteration 
of circulating lipoproteins in the direction of 
increased normality after the injection of 
heparin, it was important to determine the 
effect of heparin upon the objective manifesta- 
tions of the progress of atherosclerotic disease 
in humans. 

Various studies have proven that athero- 
sclerosis is the underlying disease process in 
85 to 90 per cent of patients who have sus- 
tained a myocardial infarction, or who have 
typical angina pectoris with abnormal electro- 
cardiograms. Such a group, therefore, lends 
itself well to the evaluation of the effect of 
long-term therapeutic measures upon the course 
of atherosclerotic disease. 


MATERIAL AND METHODS 


Accordingly over 200 patients in the Cardiac 
Clinic of the Cedars of Lebanon Hospital who had 
previously had a myocardial infarction, were alter- 
nately placed into two groups. A small number of 
patients with angina of effort and abnormal elec- 
trocardiograms were also included in each group. 
Doubtful cases were rigidly excluded from the 
study. All patients were thoroughly examined, 
preliminary electrocardiograms and _ ballistocardio- 
grams were taken, and blood samples were drawn 
for cholesterol and ultracentrifugal lipoprotein 
determinations.* No patients were included who 


*The ultracentrifugal analyses were performed 
at the Donner Laboratory, University of California 
at Berkeley, through the cooperation of Dr. John 
Gofman. 
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ad sustained an acute myocardial infarction within 
iree months prior to the onset of therapy. 
The patients were all told they would receive 
ijections of a new medication which seemed promis- 
ig in the therapy of atherosclerosis. One group 
‘as given 200 mg. of concentrated aqueous he- 
arint (100 mg. or 200 mg. per cc.) subcutaneously 
wice weekly, and the other received isotonic saline 
lacebo injections in a similar manner. In all other 
espects, therapy was identical in the two groups. 
‘asodilating drugs were prescribed when needed 
yw angina or claudication and hypertension was 
reated by the usual methods. Diabetic therapy 
vas supervised in the diabetic clinic. Low fat diets 
‘ere not prescribed except when caloric restriction 
vas indicated for obesity, attempts at weight re- 
luction in these clinic patients were usually un- 
uccessful. Oral anticoagulant drugs were not used. 
\ fair percentage of the patients in both groups, 
x their close relatives, were taught to give the 
njections at home, usually at bedtime.t Where 
ihis was not feasible, the patients in both groups 
came to the clinic for the medication. It was injected 
slowly in the relatively painless subcutaneous tissue 
just above or below the posterior iliac crest, using 
a 25 gage hypodermic needle. One technician gave 
all the injections in the clinic and was the only 
person, apart from the authors, who knew whether 
the patient was receiving heparin or the placebo. 
This project was not conducted as a blind study, 
since symptomatic results were not being evaluated 
and it seemed safer, in view of the anticoagulant 
action of heparin, for us to know what each patient 
received. 

Several considerations led to the selection of the 
200 mg. dose of subcutaneous aqueous heparin 
twice weekly, although we appreciated the fact that 
this might not be sufficient for a marked sustained 
lipoprotein reduction particularly in patients with 
highly elevated levels. It had previously been found? 
that 200 mg. of repository heparin produced a sub- 
stantial though temporary drop in the low density 
ipoproteins. The subcutaneous route was more 
practical than the intravenous one; it avoided the 
‘xtremely high peaks of anticoagulant activity and 
ifforded a much more sustained reduction of 
ipoproteins. Furthermore, subcutaneously adminis- 
ered concentrated aqueous heparin, which has anti- 
‘oagulant and lipoprotein effects similar to intra- 
nuscular repository heparin, is far less painful, less 
‘xpensive and much easier to administer than the 
atter. Although injections of 200 mg. of heparin 
hree times weekly would have afforded a greater 
iverage lowering of lipoproteins, we were limited 


+ Generously supplied by Lederle Laboratories, 
ne. and Darwin Laboratories. 

t We are indebted to the Los Angeles Visiting 
Nurses Service for their cooperation in teaching the 
vatients. 


by the amount of heparin available to us, and by 
the consideration that we wanted to minimize the 
duration of the anticoagulant effect. It had pre- 
viously been found’.*4 that therapeutic levels of 
anticoagulant activity are maintained for an average 
of 16 to 18 hours after a 200 mg. subcutaneous dose 
of concentrated aqueous heparin. 

The following criteria were adopted at the onset 
of the study as affording objective evidence of 
progress of the underlying atherosclerotic process: 
(1) cardiovascular death; (2) recurrence of myo- 
cardial infarction; (3) gangrene of a limb necessi- 
tating amputation and (4) a cerebral vascular acci- 
dent with objective findings of resultant cerebral 
damage. When patients were hospitalized, the diag- 
nosis of the in-patient attending staff (who did not 
know whether heparin or the placebo had been 
given) was accepted as to whether an infarction 
had occurred or not. Since we could not logically 
anticipate any effect of heparin therapy on the 
atherosclerotic process in a few weeks, recurrences 
during the first month after the onset of treatment 
in either group were not included in the results. 

Table 1 shows the composition of the two groups. 
The control series is slightly larger since our heparin 
supply was adequate for only slightly more than 
100 patients. The groups were fairly well balanced, 
although the patients were alternately allocated 
with no attempt at matching, in order to eliminate 
bias in the selection. The heparin series was slightly 
older and heavier and had somewhat more elevated 
lipid values, whereas there were proportionately 
more hypertensives and diabetics in the placebo 
group and a slightly higher average number of 
previous infarctions per patient. Chi square analysis 


TABLE 1. Analysis of the Composition of the 
Heparin and Placebo Groups 


Total 
7 Average) ,....,,/Average| Aver- 

= Male | Female! Age in —— Choles-| age* 
a | Years 8 


tients terol A.I. 


lbs. mg. % 
Heparin 105 ‘ 32 62.6 150 359 
Range 
37-79 
Placebo 117 < 61.7 148.3 
Range 


a | Conges- 

| An- com Years | | _ | _tive 
ies: iy rs ti from | Hyper- Dia- | Failure 
vious |-8n@ |*niarcts) Last |tensives| betics | at On- 
Infarcts |C4S€5 |, P&T | Infarct set of 
a | Patient | | Therapy 


| | 
2 | 1.18 | 3.4 | 28 | 28 6 
3. 


Heparin | 119 | | 
Placebo | | | 1.24 | 35 | 3 | 30 | 5 


The slight discrepancy of the various factors in the two groups are 
statistically insignificant. 
* A.I.—Atherogenic Index 
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TABLE 2. Analysis of Results 


Total 


Non- 


of 
~¥ Deaths 


" a 
vac.| recte 
lay | Ratio 


Average 
Months Idi 
of Ther- 
apy per 
Patient 


Num- 


tebe Months 


° 
Therapy cur- 


c 
° 
Deaths Deaths! rences Recur- 


rences 


2067 
Range 
2-27 
2183 
Range 


| 
! 
—— 
| 114-9514 
| Bs Sa “| ae 


Heparin 
Placebo 


The observed difference in the proportion of deaths in the two 
series is statistically significant, p < .01. 


TABLE 3.—Complications Encountered in Patients who 
Rece 


No. of Patients 


Major hemorrhage 

Minor bleeding 

Large local hematomata.... 
Minor remote ecchymoses 
Minor traumatic hemorrhage. 
Thrombophlebitis of leg veins. . 
Urticaria 

Lumbar pain 

Severe asthma. . 

Moderate alopecia 


awa w 


me Ww WwW hh te 





TABLE 4.—Ezamples of 
Lipoprotein Changes in Two 
taneous Aqueous Heparin 


Acute Ultracentrifugal 
Patients After Subcu- 


Sp 20-100 || 
mg. % || 

S¢ 100-400) | 
mg. % 


Control Pt. O. M... 
12 hrs. after 200 mg. 
heparin . es 54 31 
Control Pt. R. D... 137 | 38 
23 hrs. after 200 mg. 
BONANED ¢5525 casos 72 


_— 
~ 
=> 
= 
w 
~ 


102 


85 16 81 


These changes are typical of the effect of heparin. 


TaBLe 5.—Low Density Serum Lipoprotein Determi- 
nations Prior to Therapy and One Year Later 


The | 
te te 
E E 





7/24/53 Control prior 
to therapy.......... 
8/27/54 72 hrs. after 
last dose of heparin .| 426 | 52 


194 


109 | 13 


73 


Patient received 200 mg. heparin twice weekly 
subcutaneously. This maintained reduction of lipo- 
proteins is not the usual response. 


of each of these possibly important factors, how- 
ever, reveals that these variations were statisti 
cally insignificant. It is evident that these wer 
older individuals with elevated serum lipoproteins 
a factor perhaps related to the fairly high propor 
tion of diabetics in the study. Although it would 
have been desirable to classify the severity of th« 
previous infarction, we were unable to do so as 
adequate information was not available in many 
of the patients. However, we believe the extent 
and severity of the prior episodes of myocardia 
infarction were comparable in both series. 
RESULTS 

Table 2 summarizes the results of the two- 
year study. In the placebo group there were 
18 nonfatal recurrences (14 myocardial infare- 
tions, 3 cerebral episodes, and 1 leg amputation 
for gangrene) and 21 cardiovascular deaths (2 
following known cerebral accidents, 2 in 
congestive failure and 17 after an acute infare- 
tion or just sudden death). Thus the death 
rate in the control patients was approximately 
10 per cent per year, which is in keeping with 
the anticipated yearly mortality in any large 
group of elderly patients with coronary heart 
disease. In this group, the recurrences and 
deaths occurred fairly regularly throughout the 
period of the study. 

In the heparin group, there were 5 nonfatal 
recurrences (three acute myocardial infarctions 
and two minor cerebral episodes) and four 
cardiovascular deaths. The 
curred after 7, 10, 13, 18 and 19 months of 
therapy and the fatalities after 2, 4, 19 and 
21 months. Postmortem examination in 3 of 
these 4 patients revealed old and _ recent 
myocardial infarction in two, and an old but 
no recent infarct in the third case. No autopsy 
was obtained in the fourth patient who collapsed 
and died while at work. There were no known 
cerebral deaths, and no fatalities due to severe 
congestive failure without recent acute infarc- 
tion in the patients who received heparin. The 
death rate in this group was 2 to 2.5 per cent 
per year. 

In our opinion the number of cardiovascular 
deaths is the most reliable index for evaluation 
since the diagnosis is beyond question. Statis- 
tically, using the figures for deaths and total 
patient months of therapy, the observed 
differences in proportions of deaths between 
the two series is 3.3 times the standard error of 


recurrences OC- 
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the difference in proportions or p < .01. If the 
x square test is applied, using total deaths and 
number of patients (and disregarding the fact 
that the patients receiving heparin had slightly 
more months of therapy per patient), p is 
between 0.01 and 0.001. Thus, using either 
calculation, the difference in deaths is statis- 
tically significant. 

Since to our knowledge, this is the first 
instance in which fairly large doses of heparin 
have been given intermittently for several 
years in a sizeable number of patients, the 
symptomatic response was carefully recorded. 
Although for reasons of safety, blind study 
technics were not employed, the patients’ 
observations were of interest to us. 

As is usually noted, 25 to 35 per cent of the 
control group reported decreased symptoms 
on placebo therapy, but the favorable response 
gradually decreased in some patients. Sympto- 
matic improvement occurred in 50 to 75 per 
cent of the patients who received heparin and 
was usually fairly well maintained. We also 
noted that most often, in contrast to the place- 
bo patients, there was slowly progressive 
improvement for several months in the heparin 
group. The patients reported improvement in 
headaches, vertigo, tinnitus, angina, dyspnea, 
hip and thigh pain, claudication, weak spells 
and fatigue, all of which may be symptoms of 
widespread atherosclerosis. A generally im- 
proved sense of well being with an increased 
effort tolerance was the usual response after 
several months of heparin therapy. 

Table 3 shows the complications that were 
encountered in the heparin group, other than 
minor ecchymoses at the site of injection which 
occurred occasionally in most of the patients 
and were insignificant. There were three in- 
stances of major hemorrhage; two were intes- 
tinal and one was renal. X-ray study revealed 
adenocarcinoma of the stomach in one patient 
and a kidney stone in another. Thus, there was 
only one instance of major hemorrhage that 
was apparently due to the heparin itself and 
in this patient the drug was not continued. 
There were no hemorrhagic fatalities. There 
were six minor episodes of bleeding: one nasal, 
four rectal and one pulmonary. All the rectal 
cases had had previous hemorrhoidal bleeding 
and the patient with bloody sputum had known 


bronchiectasis. Heparin was successfully con- 
tinued in all, except in the patient with bronchi- 
ectasis where further therapy was not given as 
bleeding occurred after each injection. There 
were two instances of post-traumatic minor 
hemorrhage: one followed a tongue bite in- 
curred while chewing, and the other occurred 
when a small rectal abscess was mistakenly 
incised one hour after an injection of heparin. 
During the entire study intravenous pro- 
tamine sulfate* was used three times for 
bleeding and was very efficacious. There were 
only three instances of large, painful hema- 
tomata at the site of injection. The use of 
small needles and a slow speed of injection 
were important factors in minimizing the oc- 
currence of local ecchymoses. Six patients 
complained of an increase in discrete ecchy- 
motic spots remote from the injection site. All 
were given oral P factor therapy for several 
months which was helpful. Thrombophlebitis of 
the leg veins occurred in two patients while on 
heparin therapy, perhaps related to a rebound 
effect. One of these patients had a nonfatal 
pulmonary infarct and refused to continue the 
heparin. He was then dropped from the study 
and was subsequently uneventfully maintained 
on oral anticoagulants. In the other patient. 
heparin was subsequently successfully con- 
tinued in 150 mg. doses three times weekly in 
order to decrease the interval between injec- 
tions and so possibly decrease any rebound 
effect. Three patients had lumbar pain and 
three had urticaria following each dose of 
heparin. All six had relief from these complaints, 
when colorless heparin was used instead of 
light brown material, indicating that these 
symptoms were not due to heparin itself. One 
patient had a severe asthmatic reaction after 
every heparin injection regardless of the color 
of the material and was forced to discontinue 
therapy despite the concomitant use of anti- 
histamine drugs. In four patients a mild- 
moderate alopecia occurred. 

In all, heparin therapy was stopped in four 
cases because of complications. It has been our 


* Kindly supplied by Dr. K. Kohlstadt of Eli 
Lilly and Co. 

{ Kindly supplied as Cepevit by Wynlit Pharma- 
ceuticals, and as C. V. P. capsules by U. S. Vitamin 
Corporation. 
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experience that hemorrhagic complications 
are infrequent, usually minor, and rarely 
demand cessation of therapy. If major hemor- 
rhage occurs, a diligent search should be made 
for some other factor initiating the bleeding 
which is then intensified by the anticoagulant 
action of heparin. 

Various other problems arose during the 
study which are worthy of discussion. Chronic 
duodenal ulcers were present in six of our 
heparin patients. Therapy was not withheld and 
no hemorrhage occurred in these cases. Antacid 
therapy was maintained in all. The presence of 
severe hypertension apparently added little 
danger to heparin therapy despite the hazard 
of vascular rupture. There were only two 
minor cerebral incidents during heparin therapy, 
and only one of these was in a hypertensive 
patient, whereas there were four cerebral 
accidents in hypertensive patients in the 
placebo series. When surgery was necessary, 
no heparin was given in the 48 hours prior to 
operation and no increased bleeding was noted 
at surgery. There were five major surgical 
procedures in the heparin group with no 
-ardiovascular complications in the operative, 
postoperative or convalescent periods. There 
were six instances of major surgery in the 
control group with one episode of nonfatal 
acute myocardial infarction on the fourth 
postoperative day. Some of the patients with 
congestive heart failure reported a decrease in 
the need for mercurial diuretics, although no 
additional measures for decompensation were 
used other than those previously prescribed. 
This impression of improvement in congestive 
failure is borne out by the fact that in the 
heparin group none of the six patients with 
obvious heart failure at the onset of therapy 
died during the study, whereas in the control 
group, of the five patients with obvious failure 
at the onset of therapy, two subsequently died. 
In some of the elderly diabetics we again 
verified an earlier observation®> that insulin 
requirements may be decreased 10 to 20 units 
when heparin is given. One elderly diabetic 
woman on insulin, who had severe angina and 
a previous infarction, died suddenly one hour 
after her second injection of heparin. While 
the cause of death was not proven, it may be 


that a hypoglycemic reaction, which is known 
to be dangerous in the presence of coronary 
disease, precipitated a fatal cardiac incident 
in this patient. In view of this occurrence and 
other observations of decreased glycosuria and 
an increase in the frequency of mild hypo- 
glycemic reactions when heparin is given to 
diabetics who are taking insulin, it is wise to 
reduce the dose of insulin by 15 to 20 units on 
the day heparin is started. The insulin dosage 
can be subsequently increased if necessary. 

The prolonged administration of intermit- 
tent heparin injections has afforded the oppor- 
tunity to observe the effects upon coagula- 
tion and lipoproteins. Three-tube Lee-White 
clotting times were determined after the first 
year of therapy in all the patients. Prolongation 
of the clotting time beyond an average of 16 to 
18 hours (range 12 to 26 hours) was observed 
in only a few instances, perhaps 5 to 10 per cent 
of the patients. There is apparently very little 
tendency, in the dosage schedule we used, for 
a cumulative heparin effect sufficient to result 
in maintained therapeutic anticoagulation. 
Thus clotting time determinations are super- 
fluous, when heparin is given subcutaneously 
in 200 mg. doses twice weekly to patients who 
do not have severe liver disease. 

Table 4 shows two typical examples of the 
changes in the S; 0-400 low density lipoproteins 
12 and 23 hours after a 200 mg. subcutaneous 
injection of concentrated aqueous heparin. In 
some patients, these lipoproteins are back to 
control levels within 24 hours, in others the 
effect is more prolonged. Unfortunately, we 
only have lipoprotein determinations in a small 
percentage of the patients after 6 to 18 months 
of heparin therapy. In most of these the serum 
lipoprotein levels 48 hours after the previous 
dose of heparin were approximately the same 
as prior to the onset of therapy. In a few 
however, the low density lipoproteins, de- 
termined 48 to 72 hours after the last dose of 
heparin so as to avoid its acute effects, were 
considerably below control levels (table 5). It 
appears that in a minority of the patients, 
there is a marked sustained reduction in the 
average level of low density lipoproteins (on 
the dosage schedule administered), whereas 
the majority have only a temporary (24 to 36 
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our) decrease following each injection of 
eparin. Cholesterol levels are variable in the 
4 hours after 200 mg. of heparin is given sub- 
utaneously and show relatively little change 
perhaps a slight reduction in some instances), 
vhen determined after 6 to 18 months of 
herapy. 


DISCUSSION 


In view of the multiplicity of actions of 
ieparin and the numerous factors which may 
lay a role in the progress of atherosclerotic 
lisease, it is difficult to assess accurately the 
lifferential role of the various mechanisms 
hrough which heparin produced the beneficial 
‘ffects noted in this study. As previously stated 
\ therapeutic anticoagulant level persists for an 
iverage of 16 to 18 hours following a 200 mg. 
subcutaneous dose of concentrated aqueous 
heparin. Unless undetectable clinical levels 
of anticoagulant activity persist and are bene- 
ficial, a concept for which there is no evidence 
at all, it is unlikely that therapeutic anticoagu- 
lation for 12 to 24 hours twice a week is alone 
responsible for our results. It may have been 
an important factor. The prolonged use of 
anticoagulant drugs reduces the incidence of 
recurrences and death in patients with previous 
myocardial infarction, but the results reported 
*6, °7,28 are not as good as those we obtained 
using intermittent heparin therapy which 
afforded therapeutic anticoagulation only 20 
to 30 per cent of the time. 

Since elevated serum lipids and lipoproteins 
are an important factor in atherogenesis and 
since heparin lowers the low density lipopro- 
teins and accelerates the removal of fat from 
he blood stream, we believe this action of 
1eparin is probably primarily responsible for 
he differences in deaths we have observed. We 
ave insufficient observations to determine 
iccurately the average lowering of lipoproteins 
n our patients, a matter which would have 
iecessitated many ultracentrifugal analyses 
er patient. However as table 4 illustrates, 
here was an average overall reduction in the 
ow density lipoproteins, although the effect 
f each injection was temporary. This reduc- 
ion itself is important in retarding the rate of 
»rogression of atherosclerotic disease although 


its quantitative contribution! is difficult to 
assess exactly. 

The decrease in low density or 8-lipoproteins 
following heparin may be advantageous apart 
from the average lowering of the lipoprotein 
concentrations. In all studies of the infiltration 
of vascular walls by lipids, time is an important 
factor.” °° Thus, since the injection of heparin 
is followed by a marked though temporary 
reduction of the low density lipoproteins, a 
considerable interval may elapse after the con- 
centration of the circulating lipoproteins has 
regained its preheparin levels before substantial 
amounts of lipid again penetrate into the 
arterial walls. Furthermore, macromolecules 
form films*!: * upon the surfaces of the cells and 
the vascular intima. These films probably inter- 
fere to some extent with the normal molecular 
exchange between the plasma and interstitial 
fluid. Martin and Hueper* found a decreased 
rate of oxygen uptake by erythrocytes in 
hypercholesterolemic rabbits, and we* recently 
demonstrated increased arteriovenous oxygen 
differences (apparently the result of increased 
tissue oxygen consumption) after the injection 
of heparin in atherosclerotic patients. The 
largest lipoproteins, because of their decreased 
ability to escape through the capillary pores, 
would be most likely to form fat sludges on the 
endothelium. Since it is precisely these larger 
fat particles which almost disappear, following 
an adequate dose of heparin (table 4), the 
harmful effects of intimal films would be sub- 
stantially ameliorated by heparin therapy. Re- 
formation of films almost certainly would take 
longer than the simple reaccumulation of circu- 
lating lipoproteins. Finally, the beta lipopro- 
teins have been found to interfere with glucose 
uptake by the diaphragm.** Thus, their lowered 
concentration following heparin may permit 
more normal carbohydrate metabolism, par- 
ticularly in diabetics. 

Heparin may also be of value in retarding 
cardiovascular degeneration in atherosclerotic 
patients because of its affinity for the inter- 
cellular cement substance. In a recent study of 
venous endothelium,** it was found that 
adherence of platelets to the endothelial sur- 
face was the initial occurrence following various 
types of injury and that heparin was effective 
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in preventing the deposition and agglutination 
of the platelets on the intercellular cement. 
Since this platelet agglutination on the cement 
substance may well be one of the initiating 
steps in thrombosis, heparin may be valuable 
at this site apart from its general anticoagulant 
action. Various workers*’: * believe that minute 
mural thrombosis plays a part in the develop- 
ment of atherosclerosis entirely apart from 
its role in the formation of large clots. 

There are other known actions of heparin 
which could be commented upon, such as its 
marked inhibitory effect in experimental 
pulmonary edema,® but the mechanisms 
already discussed appear to be those most apt 
to have been involved. Further speculation 
would add little. Perhaps of greater practical 
importance is the demonstration of how safely 
heparin can be used in this manner for years. 
This requires re-emphasis since there is a 
justified concern about the risks involved in 
the use of continuous oral anticoagulant ther- 
apy, particularly where excellent laboratory 
controls are not easily available. Intermittent 
heparin therapy does not produce a maintained 
anticoagulant effect and, therefore, no labora- 
tory tests are required. It should not be given 
in the presence of active bleeding or of severe 
liver disease, but we have observed no particu- 
lar danger when it is used in patients with 
chronic duodenal ulcers, hypertension, hemor- 
rhoids or other possible minor sources of 
bleeding. If hemorrhage should occur, it can be 
easily and quickly controlled by the injection 
of protamine sulfate intravenously, or by blood 
transfusion. In two years we observed only one 
major hemorrhage, apparently due to the 
heparin itself, and no hemorrhagic fatalities, 
although over 17,000 injections of 200 mg. of 
heparin were administered. The markedly 
reduced incidence of recurrent coronary throm- 
bosis as compared with the control group attests 
to the fact that the theoretic danger of intimal 
capillary hemorrhage initiating a thrombus has 
no practical significance. 

Other modalities have been successfully 
used in attempts to reduce the rate of recur- 
rence and death in patients with known coro- 
nary disease. The results reported have not been 
as good as those we have obtained. Morrison*® 


found a reduction in mortality over a three 
year period from 10 per cent per year in his 
control group to 4.7 per cent per year in his 
patients on a rigid (25 Gm.) low fat diet, a 
ratio of slightly better than 2:1. However, 
most patients will not strictly adhere to a low 
fat diet, and in our experience the diet alone 
does not effectively reduce serum lipids and 
lipoproteins in all instances. The prolonged 
use of oral anticoagulants has also been 
reported 6-8 to reduce the incidence of recur- 
rences and death in approximately a 2:1 or 3:1 
ratio. However, the incidence of major hemor- 
rhage in these series was not small, even with 
good laboratory controls. Moreover, since the 
prothrombin depressing drugs do not have any 
effect upon serum lipoproteins, it is probable 
that although they reduce the occurrences of 
thrombotic incidents, they retard the basic 
atheromatous process very little if at all.” 
Estrogens have recently been advocated since 
they reduce the concentration of the 8-lipo- 
proteins. However, the large doses required 
produce such severe feminizing side effects 
that this form of therapy is most distressing, 
psychologically traumatic and impractical,*!» ® 
except in a very few instances. The other 
so-called lipotropic agents thus far available, 
such as various choline and inositol combina- 
tions, have little evidence to justify their use. 
Objections to the administration of heparin 
in advanced human atherosclerotic disease are 
imposed by its cost, the fact that it must be 
taken by injection and that it apparently 
should be indefinitely continued. The analogy 
to the use of insulin in diabetes mellitus is ap- 
parent. Pursuing this analogy a step further, 
it may be that where diet, or perhaps thyroid 
in hypothyroid patients* markedly reduces 
the low density or 6-lipoproteins, the use of 
heparin is unnecessary. Where the diet is 
intolerable or where the serum lipids are only 
moderately reduced thereby, our results 
indicate that heparin should be given. Al- 
though heparin alone was prescribed for our 
patients without restriction of fats or choles- 
terol, it appears logical that the combination 
of moderate fat restriction (which is not too 
difficult) plus heparin should give better 
results than the use of heparin by itself. We 
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do not know if different heparin schedules, 
such as small daily doses, would be more 
advisable than the one used in this study, or 
whether other routes would be_ preferable. 
Administration of heparin three times a week 
would seem to be indicated where there is 
evidence of complications due to a rebound 
effect, where the serum lipoproteins are exces- 
sively elevated or, for a short time, if anginal 
symptoms are increased for any reason. 

The reduction in mortality in this elderly 
group of coronary patients, to 2 to 2.5 per 
cent per year during the first two years of 
heparin therapy, affords evidence once again 
that atherosclerosis is not an inevitable con- 
sequence of aging, but that it is a disease 
process at least partially amenable to preven- 
tion. Further advances in therapy will un- 
doubtedly keep pace with increasing knowledge 
of its etiology and pathogenesis. 


SUMMARY 


(1) The effect of prolonged, intermittent 
heparin therapy has been evaluated during the 
past two years in a large number of patients 
who had previously sustained a myocardial 
infarction. 

(2) There were four deaths due to cardio- 
vascular disease in a group of 105 patients 
(average age 62.6 years) who received 2067 
months of heparin therapy (200 mg. concen- 
trated aqueous heparin given subcutaneously 
twice weekly). 

(3) In a comparable control group of 117 
individuals (average age 61.7 years) who 
received 2183 months of placebo therapy there 
were 21 deaths due to cardiovascular disease. 

(4) The observed difference in deaths be- 
tween the two groups is statistically significant 
(p < .O1). 

(5) When heparin is given as described, 
therapeutic anticoagulant levels are not 
maintained. Clotting time tests are, therefore, 
innecessary. 


SUMMARIO IN INTERLINGUA 


(1) In le curso del passate duo annos, le 
‘ffecto de un prolongate intermittente thera- 
via a heparina esseva evalutate in un grande 


numero de patientes qui habeva previemente 
suffrite un infarcimento myocardial. 

(2) Occurreva 4 mortes debite a morbo 
cardiovascular in un gruppo de 105 patientes 
(etate median: 62,6 annos), qui recipeva un 
total de 2067 menses de therapia a heparina 
(200 mg de concentrate heparina aquose ad- 
ministrate subcutaneemente duo vices per 
septimana). 

(3) In un comparabile gruppo de controlo 
de 117 individuos (etate median: 61,7 annos), 
qui recipeva un total de 2183 menses de thera- 
pia a medication fictive, il occurreva 21 mortes 
debite a morbo cardiovascular. 

(4) Le observate differentia del mortes in 
le duo gruppos es statisticamente significative 
(p < 01). 

(5) Le supra-describite maniera de adminis- 
trar heparina non resulta in un mantenentia 
de therapeutic nivellos anticoagulante. Tests 
del tempore de coagulation es consequente- 
mente innecessari. 
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The Persistent Ostium Primum Atrial 


Septal Defect 


By S. Gitzert Biount, Jr., M.D., Oscar J. Batcuum, M.D., Px.D. anp 
GorFREDO GENSsINI, M.D. 


Five patients with an ostium primum type of atrial septal defect were studied by clinical and labo- 
ratory methods and the diagnosis was verified either at the time of open-heart surgery and/or at 
autopsy. The atrioventricular valves formed the floor of the defect and were deformed in 4 of the 5 
patients. Mitral insufficiency was present as a result of this valvular deformity in these four pa- 
tients. This valvular deformity resulted in a high pitched blowing systolic murmur, audible over 
the apical and lower left sternal areas, and left axis deviation and indications of left ventricular 
hypertrophy, determined by electrocardiography. The deformity of the mitral valve is considered 
to be the basis for these variations from the typical findings found in the patient with an ostium 
secundum type of atrial septal defect and make the differential diagnosis of the persistent ostium 


primum possible under these circumstances. 


ECENT developments in the surgical 
therapy of congenital heart disease 
include the closure of atrial septal 

defects by various techniques, the method em- 
ployed at this institution consisting of suture 
closure under direct-vision, open-heart sur- 
gery.!:? The more frequent centrally located 
ostium secundum type of defect usually offers 
little technical difficulty to complete closure.*-5: 
7,91 The situation unfortunately differs 
greatly in the presence of the ostium primum 
type of atrial septal defect.‘ > Thus it is im- 
perative and of more than academic interest 
to anticipate prior to surgery the type of atrial 
septal defect that may be encountered. 
There are several factors that readily ac- 
count for the difference in ease of technical 
closure and that determine the success and 
ultimate outcome of the procedure. Atrial 
septal defects of the so-called primum type are 
isually associated with abnormalities of vary- 
ng degree of the atrioventricular valves. This is 
secondary to the maldevelopment of the em- 
ryonie common atrioventricular canal. All 
rradations of involvement are possible from 
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the common atrioventricular valve with 
patency of the upper portion of the ventricular 
septum to minor involvement of either the 
mitral or tricuspid valves with the ventricular 
septum remaining intact. Realization of the 
presence of these defects of the atrioventricular 
valves and of the ventricular septum makes the 
technical difficulties to closure readily appre- 
ciated. Review of the literature has not re- 
vealed any information relative to this differen- 
tial diagnosis. 

A group of 85 patients with atrial septal 
defects have been studied at this institution 
during the past four years. The ostium pri- 
mum type of defect has been established in 
five of these patients, either at operation or at 
postmortem examination. While it is realized 
that no single finding is definitely diagnostic 
of a persistent ostium primum, certain dis- 
tinctive features are apparent and a review 
of these findings has led to the belief that the 
ostium primum type defect can frequently be 
distinguished from the ostium secundum type 
defect. Postmortem examination or direct 
inspection of the atrial septum at the time of 
open heart surgery together with an evaluation 
of the adequacy of valvular function at opera- 
tion has offered the opportunity of correlating 
the clinical findings with the anatomic features 
in the individual case. ' 

It is the intent of this communication, there- 
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fore, to review the findings upon which this 
differential diagnosis is based. 


Embryology 


At an early stage in the development of the 
heart the common atrium is separated from 
the common ventricle by a constricted passage 
termed the atrioventricular canal.* The septum 
primum first appears from the  superior- 
posterior aspect of the common atrium, grow- 
ing caudally to reach the atrioventricular 
cushions. The latter are protuberances forming 
on the anterior and posterior walls of the atrio- 
ventricular canal, which fuse to divide this 
canal into right and left atrioventricular 
‘vanals. These cushions form the septal cusps 
of the mitral and tricuspid valves, and a por- 
tion of the upper part of the interventricular 
septum. The remainder of the interventricular 
septum develops from the lower part of the 
common ventricle and extends upward to meet 
and fuse with the atrioventricular cushions. 
The septum primum joins with the fused 
atrioventricular cushions, forming the right 
and left atria. Normally this fusion is com- 
plete and the upper portion of the septum 
primum undergoes degeneration, just prior to 
its union with the fused atrioventricular 
cushions; an opening called the ostium se- 
cundum results. The septum secundum starts 
to form from the wall of the right atrium be- 
tween the septum primum and the entrance 
of the superior vena cava and grows down- 
ward until its lower edge overlaps the foramen 
secundum. The passage thus formed between 
the two atria is termed the foramen ovale, and 
is bounded by the lower part of the septum 
primum below and the inferior border of the 
septum secundum above. 

Failure of the septum primum to join with 
the fused atrioventricular cushions leaves an 
opening, the persistent ostium primum. This 
defect is usually large and is often accom- 
panied by abnormalities in the development of 
the endocardial cushions resulting in associated 
malformations of the mitral and _ tricuspid 
valves and at times a defect of the upper por- 
tion of the ventricular septum. The mitral 
valve is more frequently involved than the 
tricuspid. 


Material 


Five patients with an ostium primum type 
of atrial septal defect were selected from a 
group of 85 patients with atrial septal defects 
which have been studied by clinical and labora- 
tory methods, including cardiac catheteriza- 
tion. The size and location of the defect and 
the status of the atrioventricular valves were 
determined at the time of direct-vision, open- 
heart surgery in two patients and at postmor- 
tem examination in three patients. The age of 
these patients ranged from 27 months to 10 
years. A summary of the history and clinical 
findings is as follows: 


Case 1.8. A., was a 4 year old boy. The mother’s 
pregnancy was without incident and the patient 
was the product of a normal delivery with a birth 
weight of 6 pounds and 7 ounces. Development was 
normal, although he was always small for his age. 
He was an active child but tired easily with pro- 
longed exertion. There was no definite history of 
frequent upper or lower respiratory infections. A 
heart murmur was first detected at the time of a 
routine physical examination at the age of 4 years. 

The physical examination revealed that the neck 
veins were not distended nor pulsating. There was a 
slight prominence of the precordium, and upon 
palpation a hyperactivity of the heart was detected 
along the lower left sternal border. No shocks nor 
thrills were palpable, but percussion revealed the 
heart to be definitely enlarged to the left. Auscul- 
tation over the second intercostal space at the left 
sternal border revealed that the second heart sound 
was accentuated and moderately reduplicated. A 
loud (grade 3 on a grade 6 basis) rough systolic 
murmur was heard over the entire precordium and 
posteriorly over the left lung base, of maximal 
intensity in the second interspace at the left sternal 
border. A low-pitched mid-diastolic murmur was 
audible in the area just to the left of the lower ster- 
num. The lungs were clear and there was no cyano- 
sis, clubbing nor peripheral edema and the femoral 
pulsations were within normal limits. Neither the 
liver nor spleen were palpable. 

At operation a large right atrium and right ventri- 
cle were found. The atrial septum was practically 
nonexistent, with only a slight ridge being present 
superiorly and posteriorly. 

At postmortem examination (fig. 5A) there was a 
large defect in the lower portion of the atrial septum. 
The mitral and tricuspid valves were deformed. The 
aortic leaflet of the mitral valve and the medial 
leaflet of the tricuspid valve were divided into two 
parts by a continuous cleft. The medial leaflet of the 
tricuspid valve had a larger (two-thirds) posterior 
and a smaller (one-third) anterior segment. The lat- 








ter was devoid of chordae tendineae and formed a 
ruffled fold. The aortic leaflet of the mitral valve 
was divided into a large (two-thirds) anterior and a 
smaller (one-third) posterior segment. The chordae 
tendineae of the latter segment were attached to the 
adjacent endocardium and not to the papillary 
muscles. The anterior portion of the aortic leaflet of 
the mitral valve and the medial leaflet of the tri- 
cuspid valve were continuous across the floor of 
the atrial septal defect. All of the leaflets of the 
mitral and tricuspid valves had flattened irregular 
gray-white nodules near their free ends, which 
measured up to 4 mm. in diameter. The pulmonary 
veins entered the left atrium in a normal manner. 


Case 2. R. L., was a 27 month old boy. The 
mother’s pregnancy and delivery were normal. The 
infant’s birth weight was five pounds and five 
ounces. Development and weight gain were poor, 
and he experienced frequent upper and lower 
respiratory infections. Breathing was labored and 
dyspnea was manifest upon mild exertion. A heart 
murmur was first noted upon routine physical 


examination at the age of 4 months. The patient. 


was in failure at this time and was digitalized. The 
physical examination revealed a slight bulging of 
the precordium with an excessively forceful beating 
of the heart being felt along the lower left sternal 
border. A shock was palpable in the second inter- 
costal space at the left sternal border, and a thrill 
was present in the fourth intercostal space extending 
from the sternal border toward the apex. The heart 
was enlarged to percussion, its margin extending to 
the left anterior axillary line. Auscultation revealed 
that the second sound in the second left intercostal 
space was greatly accentuated and definitely re- 
duplicated. A grade 4 rough blowing systolic 
murmur was audible over the entire precordium, and 
was of maximum intensity in the fourth intercostal 
space at the left sternal border, and was louder in 
the fifth than in the second intercostal space. A 
separate higher pitched systolic murmur was audible 
over the apical area. A gallop rhythm was present, 
due to the presence of a low pitched mid-diastolic 
murmur which was audible along the lower left 
sternal border and also over the apical area. Neither 
cyanosis nor clubbing was noted. Peripheral edema 
was not detected, but the liver edge was palpable 
4 cm. below the right costal margin, although no 
rales were audible. The femoral pulsations were 
normal in amplitude. 

The right atrium, right ventricle and pulmonary 
artery were found to be markedly enlarged at the 
time of operation. A systolic thrill was palpable 
over the right atrium. A low atrial septal defect of 
the ostium primum type was estimated to measure 
3 by 2 em. 

Postmortem examination revealed that both 
ventricles were markedly enlarged, the right more 
han the left. The right atrium was greatly dilated 
vhile the left atrium was small. A large defect was 
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present in the inferior central portion of the atrial 
septum, with the atrioventricular valves forming 
the floor of the defect. The medial tricuspid leaflet 
was short and bound down to the ventricular septum. 
The other leaflets were broadened, and the chordae 
tendineae were thickened and short. The line of 
attachment of the posterior leaflet of the mitral 
valve was short and blended into the inferior border 
of the atrial septal defect. A broadened commissure 
was present between the anterior and posterior leaf- 
lets. The anterior leaflet was normal. Several chordae 
tendineae extended from the anterior papillary mus- 
cle to the superior portion of the ventricular septum, 
and were thicker and shorter than normal. 


Case 3. E. B., was a 10 year old boy. The mother’s 
pregnancy was without incident, and he was the 
product of a normal full-term delivery. The birth 
weight was 7 pounds and 8 ounces. His physical 
development was apparently normal, although he 
was mentally retarded. He began having epilepti- 
form attacks during an episode of whooping cough 
at the age of one and one-half years, and a heart 
murmer was first heard at this time. There was no 
definite history of upper or lower respiratory infec- 
tions. He was always active and vigorous, without 
limitation of exercise tolerance. 

The physical examination revealed that the chest 
was symmetrical. A forceful beating of the heart 
was noted along the left lower sternum, and a 
thrust was palpable in the second left intercostal 
space. There were no thrills nor shocks palpable. 
The heart was enlarged upon percussion, its border 
extending to 1 cm. beyond the left mid-clavicular 
line. Auscultation revealed that the second sound 
in the second left intercostal space was slightly in- 
creased in intensity and widely reduplicated. A grade 
3 rough systolic murmur was audible over the ante- 
rior chest and was of maximum intensity in the 
second left intercostal space at the sternal margin. 
A prominent low-pitched mid-diastolic murmur was 
audible in the region between the lower sternum 
and the apex of the heart. There was no cyanosis, 
clubbing of the digits nor peripheral edema, and 
the liver was not palpable. The femoral pulsations 
were of normal amplitude. 

This patient succumbed during an epileptiform 
seizure which occurred on the day prior to operation. 

Necropsy revealed the right atrium and right 
ventricle to be greatly enlarged (fig. 5, B). An atrial 
septal defect was present resulting in a roughly el- 
liptical opening which was 3 cm. long by 2 cm. wide 
and located in the lower portion of the atrial septum 
immediately above the atrioventricular valves. The 
foramen ovale was anatomically patent. The atrio- 
ventricular valves were normal. 


Case 4. J. R. was a 4 year old boy. The mother’s 
pregnancy and delivery were normal. Birth weight 
was 7 pounds and 5 ounces. Development was nor- 
mal, although growth was slow. At the end of one 
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year he weighed only 17 pounds. There were fre- 
quent and prolonged upper respiratory infections. 
Dyspnea and fatigue were manifest on slight exer- 
tion. The presence of a heart murmur and cardiac 
enlargement were first detected at 1 year of age. 

Inspection revealed definite prominence and hy- 
peractivity of the precordium. No thrills were pal- 
pable, but a faint shock was present in the second 
left intercostal space. Percussion revealed the heart 
to be enlarged to the left anterior axillary line. The 
point of maximum impulse was diffuse and palpable 
in the fifth and sixth intercostal spaces. Ausculta- 
tion revealed the second sound in the second left 
intercostal space to be greatly increased in intensity 
and slightly reduplicated. A grade 3 to 4 harsh, 
systolic murmur was audible along the left sternal 
border, and a systolic murmur of a slightly higher- 
pitched quality was heard in the region of the 
fourth intercostal space at the left sternal border. 
A short low-pitched mid-diastolic murmur was audi- 
ble over the apical area. There was no cyanosis nor 
clubbing of the digits. Peripheral edema was not 
present, the liver was not palpable, and the lungs 
were clear. The femoral pulsations were of normal 
amplitude. 

The right atrium and right ventricle were greatly 
enlarged at operation. The left atrium appeared to 
be normal in size. The pulmonary artery was twice 
the size of the aorta. A thrill was palpable over the 
posterior portion of the right atrium. No septum 
could be palpated by finger exploration of the inte- 
rior of the right atrium. When the exploring finger 
was inserted through the atrial defect a regurgitant 
jet through the mitral valve was felt, indicating 
mitral insufficiency. No attempt at closure was 
made. 


Case 5. M. O’C., was a 28 month old girl. The 
mother’s pregnancy was normal and the patient was 
the product of a normal full-term delivery. Her 
birth weight was 5 pounds and 9 ounces. Develop- 
ment and weight gain were poor and she suffered 
many upper and lower respiratory infections, in- 
cluding three episodes of pneumonia. She was very 
active, but experienced fatigue and dyspnea with 
exertion. Enlargement of the heart, cardiac mur- 
murs and heart failure were first detected at the 
time of hospitalization for pneumonia at the age of 
14 months. 

Physical examination revealed prominence and 
hyperactivity of the precordium. There was a sus- 
tained thrust between the left lower sternum and 
the midelavicular line. A faint shock was palpable 
in the second left intercostal space at the left sternal 
border, but no thrills were present. Percussion re- 
vealed the heart to be enlarged to the left anterior 
axillary line. Upon auscultation the second heart 
sound in the second intercostal space at the left 
sternal border was widely reduplicated and increased 
in intensity. A soft blowing grade 2 to 3 systolic 


murmur was audible at the base of the heart, which 
was of maximum intensity in the second left inter- 
costal space and well transmitted toward the shoul- 
ders. There was in addition a high-pitched blowing 
systolic murmur, grade 3 to 4 in intensity, audible 
over the apical area and transmitted toward the 
axilla. A short, low-pitched murmur was heard in 
early diastole, being of maximum intensity over the 
lower left parasternal area. No cyanosis, clubbing 
of the digits, nor peripheral edema was present, and 
no rales were audible over the posterior chest. The 
femoral pulsations were of normal amplitude. 
Palpation of the exposed heart at the time of 
operation revealed a thrill to be present over the 
posterior portion of the right atrium and the pul- 
monary artery. A definite regurgitant jet was felt 
by the exploring finger when it was passed through 
the defect to the area of the mitral valve, indicating 
definite mitral insufficiency. Inspection revealed the 
atrial septum to consist of only a narrow rim in 
the superior and posterior portion of the atrium. 


Discussion 

History. The history of these five patients 
revealed that their birth weights were normal, 
but that growth and development were re- 
tarded. Upper and lower respiratory infections 
were a prominent feature of their history and 
the exercise tolerance was significantly de- 
creased with the development of congestive 
failure in three patients. Therefore the history 
and symptomatology present in the patient 
with an ostium primum type of atrial septal 
defect are in general similar to those of the 
patient with an ostium secundum defect, and 
are the symptoms of patients with large left 
to right shunting of blood. 

Their symptoms, however, are manifested 
earlier in life and are in general more incapaci- 
tating. 

The increased severity of these symptoms is 
considered to reflect the larger volume of left 
to right blood flow which frequently occurs in 
these patients. The insufficiency of the atrio- 
ventricular valves also contributes to the in- 
creased work of the heart in the patient with a 
persistent ostium primum defect. 

Physical Examination. The physical findings 
likewise resembled those of patients with the 
ostium secundum type of atrial septal defect. 
However, there were additional features of the 
cardiac examination which led to the con- 
sideration of the diagnosis of an ostium pri- 
mum defect. 
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The first group of findings is considered to 
‘eflect the greater derangement of the hemody- 
iami¢c pattern present in this defect. The heart 
vas usually of greater size as reflected by the 
uulging precordium and other physical signs 
f cardiomegaly. The systolic murmur was of 
sreater intensity, rougher in quality, and more 
videly transmitted than the murmur usually 
present in the patient with a secundum type of 
lefect. This is the result of the greater degree 
f functional stenosis secondary to the higher 
yulmonary flows frequently found in patients 
vith this type of defect. The second heart 
ound, audible in the second left intercostal 
space, tended to be louder in these patients 
ind a palpable shock was present in this area 
n three of the five patients. This sound was 
reduplicated in all patients but widely split 
in only two patients. This contrasts with the 
patient with a secundum type defect where the 
primary feature of the second heart sound is 
the reduplication and not the intensity. The 
increased intensity of the second heart sound 
is considered to reflect the greater pulmonary 
flow and pressure frequently present in pa- 
tients with the ostium primum type of defect. 
The constant mid-diastolic murmur present 
over the tricuspid area in these patients re- 
sults from the high volume of flow across the 
tricuspid valve and the resulting functional 
tricuspid stenosis. It is again emphasized that 
this murmur does not necessarily indicate 


A 


Fig. 1. Postero-anterior roentgenograms of (A) patient S. A., case 1, (B) patient R. L., case 2 


and (C) patient J. R., case 4. 


B 
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organic stenosis of the mitral valve as the mitral 
orifice was not narrowed in any patient in this 
group.* 

The second important finding that should 
lead to the suspicion of the presence of an os- 
tium primum type defect is the systolic mur- 
mur located at the apical area and/or along 
the lower left sternal border. This murmur 
has a high pitched blowing quality, and is 
frequently loud and widely transmitted. The 
presence of this murmur suggests an ostium 
primum type of defect and is considered to be 
due to the malformation and resulting insuffi- 
ciency of the mitral and/or tricuspid valves. 

Fluoroscopy. The fluoroscopic examination 
revealed the vascularity of the peripheral 
lung fields to be greatly increased. The main 
pulmonary artery and the right and left 
pulmonary arteries were enlarged and the 
amplitude of their pulsations was increased 
(figs. 1 and 2). The aorta was inconspicuous 
in these patients. The heart was considerably 
to markedly enlarged in all patients and in 
general the overall heart size was greater than 
the heart size of patients of this same age 
group having a secundum defect. The right 
atrium and the right ventricle were markedly 
enlarged. This enlargement of the right ven- 
tricle is mainly the result of dilatation and 
therefore the true size of the main pulmonary 
artery is frequently underestimated due to 
the dilatation of the outflow tract of the right 


Cc 


““ 
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Fic. 2. Postero-anterior roentgenogram of patient 
M. O’C., case 5. 


Fig. 3. Postero-anterior roentgenogram of Pa- 
tient E. B., case 3. 


ventricle. The detection of differential chamber 
enlargement is often difficult if not impossible 
in the presence of marked cardiac enlargement; 
nevertheless, there was suggestive evidence of 
enlargement of the left ventricle in four of the 


five patients. This enlargement of the left 
ventricle is considered to reflect the insuffi- 
ciency of the mitral valve which is frequently 
deformed in the persistent ostium primum 
defect. This is in contrast to the patient with 
a secundum type of atrial septal defect where 
the atrioventricular valves are not involved 
and the chambers of the left heart are always 
normal or small (fig. 3). 

Electrocardiograms: The _ electrocardiogram 
is of diagnostic value in indicating the presence 
of an ostium primum type of atrial septal 
defect (fig. 4).* Left axis deviation was noted in 
the electrocardiograms of three of the five pa- 
tients, in two of which there was horizontal elec- 
trical position and in the remaining one a 
vertical electrical position. The precordial leads 
indicated an incomplete right bundle branch 
block in four of the five patients, and in the 
remaining patient were clearly indicative of 
right ventricular hypertrophy. There was addi- 
tional evidence suggesting right ventricular 
hypertrophy in the four patients having an 
incomplete right bundle branch block. The 
precordial leads revealed findings suggesting 
left ventricular hypertrophy in four of the five 
patients. The presence of left ventricular hy- 
pertrophy is difficult to determine from the 
electrocardiogram in the presence of hyper- 
trophy and conduction disturbance of the right 
ventricle and these statements are influenced 
by comparison with the electrocardiograms of 
patients with known ostium secundum type 
defects. 

The P waves were considered to be abnormal 
in the tracings of three of the five patients. 
There was considered to be evidence of right 
atrial enlargement in three patients (R. L., 
J. R., and M. O’C.) and suggestive evidence 
of left atrial enlargement in two of these pa- 
tients. There was a normal sinus rhythm in all 
patients and the rates were within normal 
limits. There was evidence of first degree heart 
block and prolongation of the QRS interval 
in three patients according to the standards 
proposed by Ziegler.’ 

The analysis of the electrocardiograms in 


* Table 1 in which theelectrocardiographic findings 
are summarized is being omitted at the request of 
the Editor. This table will be furnished upon request. 
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SA 1/18/54 
Septum Primum Defect 


JRR, de 7/28/54 
Septum Primum Defect 


Fia. 4. Electrocardiograms of patients 8. A. ease 1, E. V. B., case 3, and J. R. R. ease 4. 
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Fia. 5. Views of Left Atrium; Mitral Valve and Left Ventricle in (A) patient A. 8. case 1 and (B) 


patient E. B. case 3. 


these patients is of particular value when com- 
pared with the tracings of 23 patients with 
established ostium secundum type of atrial 
septal defects.’? There were no instances of left 
axis deviation nor horizontal electrical posi- 
tion of the heart in any patient in this latter 


group. There was no suggestion of left ven- 
tricular or left atrial enlargement in any of 
these 23 patients, and in none was there an R 
wave in V, of 21 mm. or greater. Thus, in 
patients with an ostium primum type defect 
the electrocardiogram differed strikingly from 
that seen in the ostium secundum defect, the 
sole exception being case 3 (E. B.); and it is of 
significance to note that this is the only one of 
the five patients in whom there was no in- 
volvement of the mitral valve (fig. 5B). 

These variations from the typical electro- 
cardiogram which is present in the patient 
with a known secundum type of defect are 
again considered to reflect the presence of 
mitral insufficiency and the resulting enlarge- 
ment of the left ventricle. 

Physiologic Data. Evaluation of the physio- 
logic data revealed no features of distinct 
differential diagnostic value when compared 
with the data from patients with known 
ostium secundum defects (table 2). There was 
a suggestion that the volume of the left to 
right shunt was greater in patients with an 
ostium primum defect and that the pulmonary 


artery pressure was higher; however in the 
individual case these findings were of no 
definite diagnostic value. 

The position of the catheter as it crosses over 
into the left atrium may be a helpful sign. A 
low position of this crossing would tend to sug- 
gest an ostium primum defect, further support 
of this contention being the easy entrance of 
the catheter into the left ventricle. The with- 
drawal of the catheter from a high pressure 
area containing highly oxygenated blood di- 
rectly into a low pressure area with blood of a 
significantly lower oxygenation might also 
suggest the possibility of an ostium primum 
defect. Two patients had slight peripheral ar- 
terial unsaturation, an infrequent finding in 
patients with a secundum defect. There was no 
evidence of an additional left to right shunt 
at the ventricular level in any of these patients. 

The features just discussed may be con- 
sidered to be suggestive, but never diagnostic 
in the individual case. It is considered that the 
slight differences noted may be accounted for 
either on the basis of absence of the lowest 
portion of the atrial septum, the size of the 
defect, and the presence of mitral insufficiency. 

Anatomic-Pathologic Data. The atrial septal 
defects were large, and the atrioventricular 
valves formed the floor of the defect in all 
patients. This was established at postmortem 
examination in three instances and at the 





BLOUNT, BALCHUM AND GENSINI 


TABLE 2.—Cardiac Catheterization Data 


| . - Blood Flo 
Pressures | Vols. % _ wg 


Blood Oxygen Contents -—— L./min. = Flow 

mm. H. Sat. Gg ays —— 

oo | le L./min/M? = Index 
Patient | 

Age , 





| | | P a ‘ 4 . le | 

| > | | Pul. | Syst. 
| Pul.| Rt. |Rt.|Left| Pul.|Fem.| S8?-| Tf | caval| Rt. | Rt. | Pul. | ql flow | flow | shunt 
| art. |vent.|atr.| atr. | cap. | art. cava | cava | B¥C- | StE- | vent. | art. | vein. i iff. | pul. | syst. | 


| bh | | | | index | index | 


a a 6 ee = | SS 
| | 


of. bos 10.66 |10.29 |10.41 |13.41 |12.35 13.57 | | 6.87 | 3.00| LtoR 

| 42/8] 8/3,21/12| 100/75 |77.1% 74.4%|75.7%|98.9%|89.3%| | 98.0% 100% | °°**| 12.70 | 5.60 | 3.87 
| | | | | 7.10 

| 

| 


69/52|63.4%|75.2 |69.3%|78.9%|77.2%| 85.4% 7%| “"”°| 15.60 | 8.30 


10.46 |12.42 11.77 |13.02 |12. | 14.09% 14.94 | 14.32 8.82 | 4.65 | LtoR 

| 3.17 

| | | | | 7.30 

| | }12.90 {12.48 |12.69 |14.54 |15. 15.92 | 17.62 \17. -71 | 4. 12.50 | 3.91 | LtoR 
21/3) 5/0) 7/1 | 6/4 71.4% 69.8% |70..67%|80.4%|85.17%|88.1%| 94.1% 95.97%] 92.4%] 11.90 | 3.76 | 


| 
28/4| 8/5 | 


8.59 


| 8.14 








| 

| | | | | 

| }9.7 {11.1 - 11.4 {11.65 11.8 | 
50/30) 50/0/15/0) 9 \73.4% 84.1% |78. 8% 85.97%| 88.27% |89.2% 


4 yrs. | | | | 

Case 5 9.22 10.28 | 9.86 |12.34 |12.62 |12.54 | LA entered 
M. OC. |48, 20) 36/3) 5 | 62.2% 69.4% 66.5% |83.2%|85.0%|84.6%| but no 
28 mo. | | | | | 











| | | sample 


* Left ventricle also entered. 


time of direct-vision, open-heart surgery in the living, both mitral valves were functionally 
remaining two patients. The area of the fora- insufficient at the time of surgery. Prior to 
men ovale was noted in all instances and there cessation of circulation the area of the defect 
was patency in one patient (case 3). and atrioventricular valves were palpated by 
The atrioventricular valves were deformed the surgeon, Dr. Henry Swan. A regurgitant 
in two of the three hearts available for post- jet of blood was detected coming from the 
mortem examination (fig. 5 A). The mitral left ventricle back through the mitral valve 
valve was more significantly involved in each into the right atrium as well as into the left 
instance. atrium. 
The remaining patient (EK. B.) of this group : : ; 
was found to have an ostium primum type SUMMARY AND CONCLUSIONS 
defect at postmortem examination. However, The five patients comprising this group all 
he was the only patient that demonstrated no had large defects of the atrial septum. The 
inatomical abnormalities of the atrioventric- defect was situated in the most caudal portion 
ilar valves. It is considered to be of interest of the septum so that the atrioventricular 
ind significance that in this patient there were valves in each instance formed the floor of the 
.0 findings either on physical examination, defect. These valves were abnormal in 4 of the 
n the electrocardiogram or upon fluoroscopy 5 patients, the mitral valve in 4 and the tri- 
0 indicate the possible presence of an ostium cuspid valve in 2. The mitral valve was con- 
rimum type defect. This patient, then, fur- sidered to be insufficient in all four of these 
her supports the contention that abnormal- patients, and in two of the four it was defi- 
ties of the atrioventricular valves and, in nitely established at the time of surgery that 
varticular, defects of the mitral valve give this valve was incompetent. There was no evi- 
ise to the findings indicating the presence of dence that the ventricular septum was defec- 
he ostium primum type defect. tive in any of the five patients in this group. 
The location of the defect in the atrial sep- These patients have thus been classified as 
um is not considered to be of significance in having the persistent ostium primum type of 
he development of the distinctive pattern of atrial septal defect. It is realized that some will 
he patient with this type of defect. consider these patients to represent examples 
Although the anatomic details of the mitral of a partial atrioventricularis communis type 
alve are not known in the two patients still of defect. We do not deny that this is a logical 
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and acceptable designation. However, inas- 
much as there was no clinical nor physiologic 
evidence in these five patients, nor anatomic 
evidence in the three patients postmortem 
that the ventricular septum was involved, we 
have chosen to designate this defect as the per- 
sistent ostium primum type of atrial septal 
defect. 

Clinically, these patients tended to have 
larger hearts and to become symptomatic 
earlier than the patient with the ostium 
secundum type of defect. Physical examination 
revealed findings suggesting the presence of 
mitral insufficiency. The _ electrocardiogram 
frequently disclosed the presence of left axis 
deviation and evidence of left ventricular 
enlargement and, thus, differed from the rather 
characteristic tracing of the secundum type of 
defect. Fluoroscopy revealed no diagnostic 
features, although the heart tended to be larger 
and often there were findings suggestive of en- 
largement of the left ventricle. Cardiac cathe- 
terization yielded no diagnostic findings but 
the low position of the catheter as it crossed 
into the left atrium and at times the ease 
with which the catheter entered the left 
ventricle were suggestive findings. Therefore, 
these patients did not present a pathognomonic 
clinical picture, but there were certain features 
that differed from the findings in patients with 
a secundum type defect sufficiently to suggest 
the presence of the ostium primum type of atrial 
septal defect. 

The location of the defect of the atrial sep- 
tum is not considered to have a significant role 
in the production of the distinctive clinical 
picture. The anomalies of the mitral valve 
with the resulting mitral insufficiency are 
considered the basis of this differential diag- 
nosis. These features are the presence of a 
murmur indicating mitral insufficiency, not 
present in the patient with a secundum type 
defect. The evidence of left ventricular en- 
largement frequently demonstrated by the 
electrocardiogram and fluoroscopy, and pres- 
ent at postmortem examination in two of the 
three hearts is the result of this mitral in- 
sufficiency. 

Further evidence to support this conclusion 
is offered in the evaluation of case 3 (E. B.), 


who presented an entirely different clinical 
picture from the other four patients. The 
symptoms of this patient were minimal, the 
heart was only slightly enlarged (fig. 3) and 
there were no additional murmurs present other 
than those typical of a patient with a secun- 
dum type of atrial septal defect. The electro- 
cardiogram was entirely different from those 
of the remaining four patients and it revealed 
only the changes indicative of a partial right 
bundle branch block. Thus, the clinical 
picture presented by this patient differed in 
no way from that of the patient with a secun- 
dum type of atrial septal defect. A clinical 
diagnosis of an ostium primum defect was not 
entertained in this patient and the diagnosis 
was made only after postmortem examination. 
The important fact is that this was the only 
patient that did not reveal congenital defects 
of the mitral or tricuspid valves. 

This important exception further substan- 
tiates the belief that it is the involvement of the 
mitral valve with resulting mitral insufficiency 
that tends to differentiate the ostium primum 
type defect from the ostium secundum type 
of atrial septal defect. 


SUMMARIO IN INTERLINGUA 


Cinque patientes con un defecto atrio-septal 
del typo del ostio prime esseva studiate per 
methodos clinic e laboratorial. Le diagnose 
esseva verificate al tempore de chirurgia car- 
diac aperte e/o al tempore del autopsia. Le 
valvulas atrioventricular representava le fundo 
del defecto e esseva deformate in 4 del 5 pa- 
tientes. Insufficientia mitral esseva presente 
como resultato de iste deformitate valvular in 
omne iste 4 casos. Le deformitate valvular 
resultava in un sufflante, altisonante murmure 
systolic, que esseva audibile supra le area 
apical e le area sternal sinistro-inferior, e in un 
deviation sinistrorse del axe e indications de 
hypertrophia sinistro-ventricular in le elec- 
trocardiogramma. Nos opina que le deformitate 
del valvula mitral es le base de iste deviationes 
ab le constatationes typic pro patientes con 
defectos atrio-septal del typo del ostio secunde 
e rende possibile le diagnose differential de 
persistente ostio prime sub le conditiones deli- 
neate in le presente reporto. 
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The Significance of the Intensity and Time of 
Appearance of the Korotkoff Sounds in 
Auricular Fibrillation 


By Stwon Ropparp, M.D. anp Jack Marcouis, M.D. 


Aside from their value in the indirect determination of the blood pressure the sounds at the brachial 
artery provide other valuable clinical information. Their value in blood pressure determination in 
auricular fibrillation generally has been found to be limited. By using a simple technic involving the 
counting of the brachial-artery-sound deficit, a satisfactory, repeatable method of blood pressure 
estimation is achieved in such patients with marked pulse rate irregularities. Other information, 
including a rough estimation of left ventricular stroke output, pulse wave force and velocity, are 


also appraised by analysis of these bruits. 


SIDE from their common use _ for 
estimation of the blood pressure level,' 
the Korotkoff sounds also provide 

other useful clinical information. Thus, the 
intensity and duration of the sounds provide 
an appraisal of the volume of blood flowing 
through the artery under the cuff.2 A cali- 
brated contour of the upstroke of the pulse 
wave, as well as an estimate of the celerity of 
its transmission rate, can also be established.* 

The present study provides evidence that 
the time of onset of the sounds during the 
cardiac cycle is related to the diastolic filling 
time. In auricular fibrillation the determination 
of the incidence of the sounds at various cuff 
pressure levels permits a satisfactory measure 
of the blood pressure level despite irregularities 
of the pulse. 


METHODS 


The sounds at the brachial artery were recorded 
simultaneously with lead II of the electrocardio- 
gram in seven patients with auricular fibrillation. 
The pressure in the sphygmomanometer cuff was 
first raised to levels higher than systolic in order to 
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occlude blood flow to the extremity. The patient was 
then instructed to open and close his fist 30 times 
in order to induce a reactive hyperemia of the limb. 
The pressure in the cuff was then permitted to fall at 
a constant rate. In other experiments it was lowered 
by increments of 10 mm. Hg, and 10 to 20 cardiac 
cycles were recorded at each of these pressure levels. 

Each cycle length was measured as the R-R in- 
terval. The time of arrival of the sound in each cycle 
was measured and this value was compared with the 
duration of the previous cycle. The logarithmic in- 
tensity and duration of the sound were determined 
directly from the photographic record as millimeters 
of swing of the galvanometer. , 


RESULTS 


(1) Effect of Cuff Pressure on the Ratio of the 
Incidence of Korotkoff Sounds to that of the R 
Waves. The ratio of the incidence of the Korot- 
koff sounds to the number of electrocardio- 
graphic cycles provided a satisfactory means 
for a blood pressure determination (fig. 1). At 
sufficiently high cuff pressures, no sound was 
heard or recorded. As the cuff pressure was 
lowered by increments from these high levels 
in a given patient, a point was reached at which 
occasional sounds could be heard and then the 
ratio of Korotkoff sounds (K) to electrocardio- 
graphic QRS complexes (R) increased rapidly. 
Within a range of about 10 mm. Hg, the K/R 
ratio increased from zero to about 50 per cent. 
A further drop of cuff pressure of 10 or 20 mm. 
Hg increased the ratio usually to about 90 
per cent or more; i.e., 9 of each 10 electro- 
cardiographic complexes were followed by 
Korotkoff sounds. 
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Fig. 1. The ratio of the number of sounds recorded 
it the brachial artery to the number of electro- 
cardiographie cycles, at various levels of cuff pres- 
sure in four patients. Cuff pressure is given in the 
vertical axis; ratio of sounds to electrocardiographic 
cycles is given in the horizontal axis. The increasing 
incidence of sounds is depicted as cuff pressure falls 
from above systolic to mean pressures. At a point 
below mean arterial pressures, the incidence falls 
again, reaching zero at 80 mm. Hg cuff pressure in 
one subject depicted and 60 mm. Hg in the other 
three shown. Discussed in text. 


As the cuff pressure was lowered further, 
the ratio of sounds remained at about 90 per 
cent, until a point was reached at which the 
K/R ratio began to fall. In the course of a 
10 mm. Hg drop the ratio fell to about 50 per 
cent. With a further drop of 10 or 20 mm. Hg, 
all sounds disappeared. These were consistent 
indings in all seven patients studied. 

These data show, as is well appreciated,‘ that 
ignificant fluctuations may occur in both 
ystolic and diastolic blood pressure from beat 
o beat in patients with auricular fibrillation. 
lowever, despite these variations a definite 
nd repeatable blood pressure level could be 
stablished. The present findings that the ratio 
f occurrence of Korotkoff sounds to electro- 
ardiographic cycles approaches 50 per cent in 

well demarcated cuff pressure zone shows the 
ossibility of obtaining a satisfactory mean 
ystolic and mean diastolic blood pressure 


level in patients with marked cardiac arrhyth- 
mias. 

(2) Relation of Preceding Cycle Length to the 
Incidence of the Korotkoff Sounds. The likeli- 
hood of occurrence of the Korotkoff sounds 
obtained at each given cuff pressure level 
correlated well with the duration of the pre- 
ceding cycle. Thus, when the preceding length 
was less than 0.40 second, no Korotkoff sound 
was heard in the immediately succeeding beat. 
For preceding cycle lengths ranging between 
0.42 and 0.48 second the sounds were heard 
irregularly. It is likely, though our data are 
insufficient to establish this, that the incidence 
of occurrence of the sounds increases in a 
regular fashion with the length of the preceding 
cycle length in this range. When the preceding 
cycle lengths were 0.50 or more, a sound was 
always heard. 

(3) Relationship of Amplitude of Sound to 
Previous Cycle Length. The amplitude of the 
sounds could be correlated grossly with the 
duration of the previous cycle. This is illus- 
trated by the data presented in figure 2, ob- 
tained in a single continuous run on a patient 
with fixed setting at level 3 of the gain control 
of the phonocardiographic machine, and with 
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Fia. 2. Relation between previous cycle length and 
amplitude of the sound recorded at the brachial 
artery. All points given were obtained in a continuous 
run with cuff pressure maintained at 100 mm. Hg. 
The duratior of the previous cycle is given as the 
R-R distance in the vertical axis. The amplitude of 
the recorded sound is given on the horizontal axis. 
Each point represents a single determination. 
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the cuff pressure held constant at 100 mm. Hg. 
As noted above, cycles of less that 0.4 second 
were not followed by an arterial sound. When 
the previous cycle ranged about 0.5 to 0.6 
second, the amplitude for a given cuff pressure 
averaged 12 to 14 mm. With longer cycle 
lengths of approximately 0.8 second, the ampli- 
tude averaged 20 mm. 

(4) Relationship between Durations of Sound 
and of the Previous Cycle. A general correlation 
was also shown between the durations of each 
cycle and of the succeeding sound (fig. 3). This 
relationship was most apparent at cuff com- 
pressions equal to about mean blood pressure 
values. At cuff pressure values approaching 
either the systolic or diastolic pressure levels, 
difficulties in the analysis were present, due in 
part to the fact that some of the pulses did not 
produce sounds. 

(5) The Time of Onset of Korotkoff Sounds. 
In subjects with a regular cardiac rhythm, the 
time of onset of the brachial artery sound 
remains constant (+0.01 second) from beat 
to beat.® However, in patients with cardiac 
irregularities, as in auricular fibrillation, the 
time of onset of the sound can be shown to be 
related inversely to the duration of the previ- 
ous cycle (fig. 4). For example, at a cuff pres- 
sure of 100 mm. Hg, the onset of the Korotkoff 
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Fic. 3. Relation between the duration of the 
previous cycle length and the duration of the sound 
registered at the brachial artery. Vertical axis gives 
the duration of the cycle previous to the occurrence 
of the sound. Duration of the sound is given in 
seconds on the horizontal axis. These data are from 
the same undisturbed run described in figure 2. 
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Fig. 4. The relation between the duration of th 
previous cycle to the time of onset of the brachia 
artery sound. The points given are for the sam 
undisturbed run described in figure 2. Vertical axi 
gives the previous cycle length in seconds. Horizonta 
axis gives the time in seconds from onset of thx 
QRS complex of the electrocardiogram until thi 
onset of the sound at the brachial artery. 


sounds occurred at approximately 0.20 second 
when the preceding cycle was short (0.5 second); 
with longer preceding cycles this was reduced 
to as little as 0.13 second for long cycle lengths 
approaching 1 second. As noted above, and 
demonstrated in figure 4, there was an absence 
of brachial artery sound when the previous 
cycle lengths were less than 0.40 second. 


DISCUSSION 


In auricular fibrillation, the incidence of 
sound production at the systolic and diastolic 
levels may be very irregular. This effect is 
enhanced by a tendeney to an “auscultatory 
gap’’ in such patients, as suggested by the fall 
in incidence of sounds at about 30 mm. below 
the highest recorded systolic values (fig. 1). 
As a result, variations of 30 or 40 mm. Hg in 
the indirect estimation of the systolic blood 
pressure level, and somewhat smaller devia 
tions of the diastolic, may be reported for a 
given patient by successive observers. 

The present results suggest that a satis 
factory measure of the mean systolic and dias 
tolic pressures may be established by determin 
ing the ratio of the Korotkoff sounds to cardiac 
cycles at each of several cuff pressure levels 
As the cuff pressure falls below the systoli: 
pressure the ratio of the brachial artery sound: 
per minute increases over the course of abou! 
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©») mm. Hg until it reaches a maximum rate. 
he number of cardiac cycles per minute may 

: obtained at the precordium as is done for 

‘termination of the pulse deficit, or by electro- 

rdiographic monitoring. A mean systolic blood 

essure level may be considered as that cuff 
essure at which half of the apical beats are 
‘llowed by brachial artery sounds, i.e., a 

‘ficit of 50 per cent. 

As the cuff pressure falls further into the 

nge of the diastolic pressure the incidence of 

e sounds is reduced progressively. When the 
i cidence is reduced to about half that ob- 

ined at mean blood pressure, this value, 
) tained at a consistent level in each patient, 
;ay be considered to be the mean diastolic 

‘essure. 

The fact that no brachial artery sound was 

eard when the preceding cycle was less than 
().40 second is consistent with data that a short 
cycle may be inadequate to produce a pulse 
wave in the arterial system, probably as a 
result of inadequate filling of the ventricle, and 
the consequent weak or absent ejection phase. 
With cycle lengths longer than 0.5 second, the 
succeeding beats consistently produced a 
brachial sound, indicating that this duration 
in the patients studied was sufficient for pulse 
wave production. 

In previous studies it has been demonstrated 
that the onset of the Korotkoff sounds signals 
the arrival of a pressure pulse equal to the 
compressing pressure in the sphygmomanom- 
eter cuff. The present studies suggest that 
the duration of the previous cycle can affect 
the time of arrival of the pulse wave. Thus, 
the greater the duration of the previous cy- 
cle, the shorter is the Q-K time of the suc- 
ceeding beat. Such an effect might be due 
to a change in the rate of transmission of the 
)ilse wave because of variations in the dias- 

lie filling time and perhaps in stroke vol- 
ine of the succeeding beat. This belief is 
‘ pported by other evidence that the celerity 

the transmission of the arterial pulse wave 

i: related to the stroke volume.’ If this is proved 

be the case, the time of arrival of the brachial 

tery sounds might provide an index of the 
lative stroke volume for successive beats. 

The intensities of the brachial artery sounds 


probably are also related to the rate of rise of 
pressures in the aorta and in the brachial artery 
central to the cuff. The more powerful pressure 
pulse generated following longer cycle lengths 
thereby are seen as establishing the conditions 
for a louder burst of noise at the onset of the 
Korotkoff sound. 

The relationship between the duration of the 
previous cycle and the intensities and durations 
of the brachial sounds also is consistent with the 
interpretation that an enhanced stroke output 
following a prolonged filling period is asso- 
ciated with a more forceful pulse wave causing 
a more adequate flow through the arteries 
under the cuff. 

The foregoing studies illustrate that sig- 
nificant clinical information concerning some 
of the characteristics of the arterial pulse wave, 
the blood pressure and the blood flow through 
extremities may be obtained indirectly and 
with facility by utilizing the intermediate 
Korotkoff sounds. 


SUMMARY 


Simultaneous recording of the sounds at the 
brachial artery and of the electrocardiogram 
in seven patients with auricular fibrillation 
provided a basis for satisfactory estimation of 
the mean systolic and mean diastolic blood 
pressure levels. To obtain these values, the 
rate of occurrence of brachial sounds at a mean 
arterial pressure to apical beats is first deter- 
mined. Higher or lower cuff pressures at which 
this rate is reduced to about 50 per cent are then 
used to determine the mean systolic and di- 
astolic pressures respectively. 

The time of the sounds and their intensities 
and durations are related to the duration of 
the preceding cardiac cycle and to a factor 
dependent on the blood pressure and the com- 
pression produced by the cuff. 

For very short preceding cycles, no Korot- 
koff sound is heard or recorded. With longer 
preceding cycles, sounds are heard. The time 
from the Q wave of the electrocardiogram to 
the onset of the sound is shortened as the 
preceding cycle is more prolonged. This sug- 
gests that the transmission time of the pressure 
pulse wave in the arterial tree may be related 
to the stroke output. The intensity and dura- 
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tion of the sound, at least at mean arterial 
pressure levels, is also associated with the 
duration of the previous cycle, and presumably 
with the stroke output. 


SuMMARIO IN INTERLINGUA 

Le simultanee registration del sonos al arteria 
brachial e del electrocardiogrammas in septe 
patientes con fibrillation auricular esseva usate 
como base pro estimar le median nivellos del 
systolic e diastolic pression sanguinee. Pro 
obtener iste valores nos primo determina le 
frequentia del sonos brachial a un median 
pression arterial. Postea le plus alte o plus basse 
pressiones de bracial pneumatic al quales ille 
frequentia es reducite a 50 pro cento es usate 
pro determinar le median pressiones systolic e 
diastolic, respectivemente. 

Le momento del sonos e lor intensitates e 
durationes es ponite in relation con le duration 
del precedente cyclo cardiac e con un factor 
que depende del pression sanguinee e del 
compression producite per le bracial pneumatic. 

In le caso de brevissime cyclos precedente, 


nulle sono de Korotkoff es registrate o audite. 


In le caso de plus longe cyclos precedente, sonos 
de Korotkoff deveni audibile. Le intervallo de 


tempore ab le unda Q del electrocardiogramm:. 
usque al declaration del sono deveni plus brev: 
in tanto que le cyclo precedente deveni plu; 
longe. Isto pare indicar que le tempore de 
transmission del unda pulsatil de pression in |: 
arbore arterial es possibilemente relationate a 
rendimento cardiac. Le intensitate e le duratioi 
del sono—al minus a nivellos median del pres 
sion arterial—es etiam associate con le dura 
tion del cyclo precedente e probabilemente cor 
le rendimento cardiac. 
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'“luorescent Patterns of Intracutaneous Wheals 
in Normal and Edematous Extremities 


By Ray W. Girrorp, Jr., M.D., Joan H. WinpeEsuerm, M.D., J. Earte Estes, Jr., M.D., 
AND GRACE M. Roru, Pu.D. 


Intradermal injection of a fluorescent dye (riboflavin) and ultraviolet light were used to demon- 
strate cutaneous lymphatic capillaries. The extremities of a control group and the nonedematous 
extremities of patients with arteriosclerosis obliterans were studied together with edematous ex- 
tremities of patients with lymphedema, acute thrombophlebitis, chronic venous insufficiency and 


various other conditions. 


The lymphatic capillaries showed up more extensively after a higher percentage of injections into 
edematous extremities of patients with lymphedema than after injections into the other extremities. 
On the other edematous extremities except in the cases of nephrotic syndrome and on the normal 
extremities, either no lymph capillaries or only a few were visible after most of the injections. 


URING the course of a previous in- 

vestigation! it became apparent that 

after intradermal injections of a 
fluorescent substance (riboflavin), a network 
of capillaries could be demonstrated with 
vreater ease and frequency in the skin of 
extremities affected by lymphedema than in 
normal ones. 

Subsequently, we have extended our studies 
to include more than 200 patients and normal 
subjects. This report is a summary of our 
findings. 


METHODS AND MATERIALS 


Intradermal wheals were made by injecting 0.1 cc. 
of a solution containing 2.5 mg. of the sodium salt 
of riboflavin (Flavaxin*) per cubie centimeter. 
Tuberculin syringes and well-sharpened 27-gage, 
one-half inch long hypodermic needles were used. 
The injections were made with the subjects in the 
supine position in a darkened room so that the 
resultant fluorescent wheals and patterns could be 
observed immediately under a portable ultraviolet 
ls mp.t 

These studies were confined to the lower ex- 
t emities in every case except for one woman in 
vhom a lymphedematous upper extremity was 
i) jected. 


From the Section of Medicine and the Section of 

iysiology, Mayo Clinic; the Mayo Foundation, 
1 part of the Graduate School of the University of 

innesota, Rochester, Minn. 

* Furnished for this study by Winthrop-Stearns, 
I ic., New York. 

+ A General Electric CH-4 spot projector with a 
1 0-watt lamp was used for these studies. 


In most cases the intracutaneous injections were 
made on the medial aspect of the leg about 3 or 4 
cm. superior to the internal malleolus. When pig- 
mentation or ulceration precluded use of this site, 
injections were made more superiorly. When edema 
was confined to the dorsum of the foot, injections 
were made in that region also. Usually more than 
one injection was made in each extremity studied. 

When the intradermal wheals are being made, 
‘aution must be exercised lest the injection be too 
deep in which case the typical patterns will not 
appear. If any of the solution leaks onto the surface 
of the skin, surface fluorescence will obscure the 
underlying pattern. 


SELECTION OF NORMAL SUBJECTS AND PATIENTS 


For control, injections were made into the skin of 
the lower extremities of 71 persons who had no 
history or objective evidence of peripheral edema or 
any circulatory disorder affecting the lower ex- 
tremities. Many of these persons were physicians, 
nurses, secretaries and laboratory technicians. Others 
were patients, most of whom were hospitalized for 
treatment of essential hypertension and none of 
whom had any evidence of disease in the lower 
extremities. All consented to the procedure. 

An attempt was made to study as many patients 
with edema of the lower extremities as possible 
provided that the cause of the edema was not 
complex and was well established. Many of the 
patients did not have edema at the time of the 
injections. The condition of the patients and the 
number in each group will be considered when the 
observations are reported. 


APPEARANCE AND CLASSIFICATION OF 
FLUORESCENT PATTERNS 


A brilliant yellow fluorescent wheal im- 
mediately appears when the solution of ribo- 
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flavin is properly injected into the skin and the 
region is viewed under ultraviolet light. When 
the volume of the injection is 0.1 cc., the 
diameter of the wheal is approximately 1.0 em. 
and is remarkably constant except in some 
edematous extremities where it may be smaller. 
In addition to the wheal which inevitably 
appears after all injections, in many extremi- 
ties, an intertwining reticular pattern may be 
observed at the periphery of the wheal. This 
fluorescent reticular network, if present, may 
form a partial or complete halo around the 
circumference of the central wheal and may 
rary from a few millimeters to as much as 10 
em. in width. In general, the larger the reticu- 
lar pattern, the smaller the central wheal. In 
some instances, fluorescent reticulation may 
be seen at some distance from the central wheal 
and separated completely from it. We have 
called such discrete and separate areas 
“islands” after McMaster’s terminology.” 

For reasons to be developed subsequently, 
we have decided that the reticular network 
represents cutaneous lymphatic capillaries 
that are filled with the fluorescent solution. 
If the injections are made under ultraviolet 
light, the wheal and its surrounding reticular 
pattern appear simultaneously and promptly. 
The wheal persists for several hours, but the 
fine reticulated network surrounding it rapidly 
loses its identity and soon becomes a diffuse 
area showing only dim fluorescence. For this 
reason it is imperative to observe the fluores- 
cent pattern immediately after each injection. 
Subcutaneous “streamers,” as described by 
McMaster,” were observed with such irregular- 
ity that they were not considered in evaluating 
the patterns. Furthermore no attempt was 
made to time the disappearance of the fluor- 
escent areas since this was the subject of a 
previous investigation.! 

To facilitate the reporting of results the 
patterns observed were arbitrarily classified 
into five types as follows: 

Type 0 is characterized by a fluorescent 
wheal with no surrounding reticular network 
(fig. 1). 

Type 1 is characterized by a fluorescent 
wheal with complete reticular halo not ex- 
ceeding 1 cm. in its greatest width or an 


Fic. 1. Pattern of type 0. Solid yellow, fluorescent 
wheal with no surrounding reticular network. 


Fic. 2. Pattern of type 1. Central wheal partially 
surrounded by incomplete halo of reticular network 
not exceeding 2.0 cm. in greatest width. 


Fig. 3. Pattern of type 2. Central wheal partially 
surrounded by incomplete halo of reticular network 
which is 3 cm. in greatest width. 


incomplete reticular halo not exceeding 2 cm. 
in width (fig. 2). 

Type 2 is characterized by a fluorescent 
wheal with complete reticular halo greater than 
1 cm. but not exceeding 2 cm. in its greatest 
width or an incomplete reticular halo from 2 to 
4 em. in greatest width (fig. 3). 

Type 3 is characterized by a fluoresceit 
wheal with complete reticular halo greater than 
2 cm. but not exceeding 4 cm. in its greate t 
width or an incomplete reticular halo great: rt 
than 4 cm. in greatest width (fig. 4). f 














Fic. 4. Pattern of type 3. Central wheal com- 
pletely surrounded by halo of reticular network 
which is 3 em. in greatest width. 


” 


“islands” were present, the pattern was con- 
sidered to be at least type 3 regardless of 
whether the other criteria were present. 

Type 4 is characterized by a fluorescent 
wheal with complete reticular halo exceeding 4 
em. in its greatest width with or without 
“islands.” 

In this and a previous investigation! well 
over 1,500 intracutaneous injections of solu- 
tions of riboflavin have been made with no 
untoward results. Pain resulting from the 
injections is no greater than that experienced 
after intracutaneous injection of a_ similar 
volume of any nonirritating solution. 


PATTERNS OF “NorRMAL”’ SUBJECTS 


Of the 71 so-called normal subjects whose 
legs were injected with riboflavin as a control, 
11 were men. The ages of all varied from 19 to 
66 years; the mean age was 40 years. The 
frequency with which the various patterns were 
observed in normal legs is given in table 1. 
None of the 268 injections into normal legs 
resulted in a pattern of type 4 and only four 
injections resulted in patterns of type 3. 





Condition | Patients Legs | Injections 





GIFFORD, WINDESHEIM, ESTES AND ROTH 


TABLE 1.—Results in Extremities with No Edema 
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Two women and one man in each of whom one 
pattern of type 3 was observed were suffering 
from essential hypertension but none had ever 
had peripheral edema. The fourth pattern of 
type 3 was observed in the leg of a female 
physician, aged 26 years. Each of these four 
subjects received three additional injections 
which resulted in patterns of types 0 and 1. 
“Islands” were observed in three of the four 
patterns in this group which were classified 
as type 3. 


PATTERNS OBSERVED IN PATIENTS WITH 
ARTERIOSCLEROSIS OBLITERANS 


Twelve patients suffering from arterio- 
sclerosis obliterans of the lower extremities 
were studied. All had ample evidence of severe 
ischemia but none had ever noted peripheral 
edema. Ten were men. The ages of all varied 
from 38 to 83 years and the mean age was 62 
years. The frequency with which the various 
fluorescent patterns were observed in this 
group is given in table 1. None of the 34 
injections resulted in a pattern of type 4 and 
only one, which was made into an 83-year-old 
woman, resulted in a pattern of type 3. Three 
additional injections into the legs of this 
woman resulted in patterns of types 1 and 2. 
No “islands” were noted. 

A 62 year old man who had arteriosclerosis 
obliterans was not included in this group of 
12 patients because he also had had severe 
edema of undetermined etiology in both legs 
for nine months prior to the injection. Nu- 
merous injections into this man’s legs resulted 
repeatedly in patterns of types 2, 3 and 4 
without islands. 

Because the patterns observed in the ap- 





Per Cent of Injections 











| Type 0 Type 1 | Type 2 | Type3 | Type 4 | Islands* 
Normal............| 71 142 «| (68 48.1 | 48.9 | 1.5 | 1.5 | 0 1.1 
\rteriosclerosis | | 
obliterans........ 12 24 23.5 | 64.7 | 88 | 3.0 | 0 0 
ee ene a Sees, ene b | | | = & 
| | | | 
AIGA «6.5.0 i655 55:55 83 166 302 45.4 50.7 | 2.38 | 1.6 | O 1.0 








* Instances in which islands occur are also included with results listed as type 3 or 4 in this and the other 


ables. 
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parently normal extremities and in extremities 
with arteriosclerosis obliterans without edema 
were so nearly identical, the sum of the two 
were used (table 1) to represent results in 
extremities free of edema for comparison with 
results obtained in edematous extremities. 


PATTERNS OBSERVED IN LYMPHEDEMA 


Lymphedema Praecox. Twenty-four patients 
had lymphedema _ praecox. Twenty were 
females. The ages of all patients varied from 
18 to 81 years and the mean age was 39 years. 
Lymphedema had been present for three weeks 
in one patient and for 74 years in another. 
The average duration of edema was 14 years. 
Only six of the extremities were not edematous 
or enlarged at the time of the injections. The 
frequency with which the various patterns were 
observed is shown in table 2. 

Injections failed to produce at least one 
pattern of type 3 or 4 in only five legs of four 
patients. Of these five legs, two were injected 
only once each and one had been edematous 
for only five months. The fourth was that of a 
man, 81 years old, who had had lymphedema 
of the left leg for 74 years. Despite a Kon- 
doleon operation 30 years previously at which 
time the leg was estimated to weigh 110 
pounds, the limb was massive at the time of the 
injections. The skin felt and looked like the 
bark of a tree. Repeated injections into this leg 
resulted only in patterns of types 0 and 1. 
The fifth leg which failed to show patterns of 
types 3.or 4 had been edematous for 23 years 
and was so cumbersome from chronic enlarge- 
ment that a modified Homan’s operation was 
undertaken. 


Condition | Patients Legs 
| 





Lymphedema praecox . 24 98 
Obstructive 

lymphedema......... 12 7 42 
Miscellaneous types of 

lymphedema..... 6 


Total .. 


* Includes one upper extremity. 


Injections 


Patterns of types 3 and 4 were seen as fre- 
quently in extremities with minimal or no 
edema at the time of injections as in extremities 
that were grossly edematous. In four ex- 
tremities injections were repeated after the 
amount of edema had been reduced by a period 
of rest in bed with elevation of the legs. In none 
did the patterns produced by the secon 
injections change appreciably as compare 
with the first. 

In general the duration of edema had n 
effect on the patterns observed. Patterns oi 
types 3 and 4 were seen as frequently in ex 
tremities that had been edematous for less than 
six months as in those that had been edema- 
tous for 10 to 20 years. When edema had been 
present for more than 20 years, however, 
patterns of types 3 and 4 tended to be less 
frequent. 

Islands were noted after almost 50 per cent 
of the injections. 

Obstructive Lymphedema. Twelve patients 
with lymphedema secondary to lymphatic ob- 
struction were studied. The obstruction was 
caused by metastatic carcinoma in 10 patients 
and by Hodgkin’s disease in one, and it followed 
radical mastectomy in one. Scven of the 
patients were females. The ages of all varied 
from 38 to 69 years and the mean age was 53 
years. The duration of edema at the time of 
the injections varied from 1 week to 14 years 
with a mean of 18 months. Fourteen of the 17 
involved extremities had been edematous for 
less than nine months, however. All but two 
extremities showed pitting edema at the time 
of the injections and in eight it was graded 3 
or 4 (on a grading basis of 0 to 4). The fre 


TABLE 2.—Results in Extremities with Lymphedema 


Per Cent of Injections 


Type 0 Type 1 Type 3 | 


Type 2 Islands 


Type 4 


12.2 10. 13.3 42.9 44.9 


16.7 14.: 23.8 35. 23.8 
5.9 70. 


15.3 43 .$ 


47.0 


39.5 
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juency with which the various patterns were 
bserved in this group are shown in table 2. 
[Injections into 5 extremities of 4 patients 
ailed to show at least one pattern of type 3 
wv 4. All of these five extremities had been 
dematous for less than six months. Patterns of 
types 3 and 4 were seen oftener in extremities 
which had been edematous for six months or 
onger. There was also a direct, though less 
striking, correlation between the degree of 
edema at the time the injections were made and 
the frequency of patterns of types 3 and 4. 

Islands were observed much less frequently 
in obstructive lymphedema than in lymphe- 
dema praecox. 

Miscellaneous Types of Lymphedema. Two 
patients with primary inflammatory lymphe- 
dema, three with secondary inflammatory 
lvmphedema and one with lymphedema owing 
to prolonged dependency of the legs from 
arthritic contractures of the knees are in- 
cluded in this group. Three were females. The 
ages of the six patients varied from 20 to 69 
years with a mean of 41 years. The duration of 
edema at the time the injections were made 
ranged from 7 months to 10 years with a mean 
of 4 years. All extremities were edematous 
when the injections were made, although only 
two were markedly so (grade 4). The frequency 
with which various patterns were observed is 
shown in table 2. Only one extremity failed to 
show at least one pattern of type 3 or 4, and 
this extremity was injected only once. A high 
incidence of islands was noted in this group. 


PATTERNS OBSERVED IN EXTREMITIES WITH 
EpeMA OTHER THAN LYMPHEDEMA 


Acute Thrombophlebitis. Seventeen patients 
with acute thrombophlebitis of one or both 
lower extremities were included in this study. 
Ten were males. The ages of all ranged from 16 
to 69 years with a mean of 49 years. The 
diagnosis was acute iliofemoral thrombo- 
phlebitis in 14 extremities and thrombophle- 
itis deep in the calf in four. The duration of 
symptoms at the time that the injections were 
made varied from one day to three weeks with 
i mean of 10 days. Five extremities were not 
dematous at the time of the injections and in 
‘hree the pitting edema was graded as 3 or 4. 


The frequency with which the various patterns 
were observed is shown in table 3. No in- 
jections resulted in patterns of type 3 or 4. 

Chronic Venous Insufficiency. Twenty-seven 
patients with chronic venous insufficiency of 
one or both lower extremities were included. 
Nineteen were males. The ages of all ranged 
from 26 to 78 years with a mean of 48 years. 
The duration of symptoms of venous insuf- 
ficiency at the time the injections were made 
ranged from 1 month to 30 years; the mean was 
11 years. Many of the extremities exhibited 
pigmentation characteristic of chronic venous 
insufficiency and a few showed stasis ulcers. 
Previous treatment had rendered 28 ex- 
tremities free of pitting edema at the time of 
the injections. In only two extremities was the 
pitting edema graded 3 or 4. The frequency 
with which the various patterns were observed 
is shown in table 3. No pattern of type 4 was 
observed. A total of 11 injections into 10 
extremities of nine patients resulted in patterns 
of type 3. Islands were observed after nine 
injections. All 11 of the patterns of type 3 were 
observed in extremities which had no edema or 
only slight edema (grade 1) when the injections 
were made. Nine of the 11 patterns of type 3 
were observed in extremities in which the 
symptoms of chronic venous insufficiency had 
been present for 10 or more years. 

Lipedema. Ten patients with lipedema* 
were included. All were women and their ages 
ranged from 35 to 59 years with a mean of 50 
years. The duration of symptoms at the time 
the injections were made varied from 1 to 50 
years with a mean of 23 years. Although all 
patients had the thick ankles and fat legs 
characteristic of this condition, only two had 
pitting edema when the injections were made. 
The frequency with which the various patterns 
were observed is shown in table 3. A total of 
seven patterns of types 3 and 4 were observed 
in five legs of three patients. Islands were 
noted after three injections. Two of the three 
patients whose legs showed patterns of types 
3 and 4 had had lipedema for 25 years. The 
third had had symptoms for 13 years. In two 
of the five legs in which patterns of types 3 and 
4 were seen pitting edema was present when 
the injections were made. 
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TaBLeE 3.—Results in Extren 


Condition Patients Legs 


Acute thrombophlebitis 17 18 
Chronic insuf- 

ficiency 27 43 
Lipedema pee Oe 10 20 
Simple orthostatic edema 5 10 
Congestive heart failure. . 19 37* 


Nephrotic syndrome 6 | 12 


venous 


* One patient had unilateral lymphedema also; the leg so affected was not included. 


Simple Orthostatic Edema. The lower ex- 
tremities of five patients with simple ortho- 
static edema were injected. This syndrome is 
characterized by mild to moderate pitting 
edema of the ankles related to orthostatism and 
often aggravated by warm weather, menses and 
the menopause. No objective evidence for other 
causes of edema is found. Two of the patients 
included in this group would actually have 
been classed as normal except for a history of 
minimal and extremely intermittent swelling 
of the ankles noted at the end of a day. The 
other three patients had more persistent and 
troublesome edema of the ankles. All the 
patients were women from 25 to 58 years of 
age with a mean age of 46 years. Symptoms 
had been present from 7 months to 20 years 
with a mean of 8 years. Only one patient had 
demonstrable pitting edema of the legs at the 
time the injections were made. The frequency 
with which various patterns were observed is 
shown in table 3. No pattern of type 4 was ob- 
served and only two injections resulted in 
patterns of type 3 (both with islands). These 
two patterns were noted in the legs of a 24- 
year-old woman who had experienced inter- 
mittent ankle edema for four years but no 
edema was present at the time of the injec- 
tions. 

Congestive Heart Failure. Nineteen patients 
with congestive heart failure severe enough to 
cause ankle edema were included. Fourteen 
were males. The ages of all patients ranged 
from 36 to 81 years and the mean was 55 years. 
Edema had been present continuously or 
intermittently for one day to five years. The 
mean duration was 10 months. Prior treatment 
had rendered the extremities of four patients 


Injections 


vities with Other Types of Edema 


Per Cent of Injections 


Type 1 


Type 2 Type3 | Type4 | Islands 


70. 3.7 0 0 


51.3 
33. 
40. 
57. 9.3 
45.8 16.7 


free of edema before the injections were made 
but 19 extremities had pitting edema of grade 
3 or 4. The frequency with which various 
patterns were observed in this group is given in 
table 3. Only two injections resulted in pat- 
terns of type 3, and no patterns of type 4 
were observed. One of the patterns of type 3 
was seen in the leg of a 62-year-old woman 
who had had edema of the ankles secondary to 
congestive heart failure (hypertensive) for 13 
months. The pitting edema was classified as 
grade 1 when the injection was made. The other 
pattern of type 3 was observed in the leg of a 
man, aged 71 years, who had noted edema of 
the ankles for only one day prior to the in- 
jection. The pitting edema was classified as 
grade 2 when the injection was made. 

Nephrotic Syndrome. The lower extremities 
of six patients with nephrosis were injected. 
Four of these patients were males. The ages of 
the six varied from 30 to 63 years with a mean 
of 44 years. The duration of edema at the time 
the injections were made varied from 10 weeks 
to 216 years with a mean of 14 months. All 
extremities were severely edematous (grade 3 
or 4) when the injections were made. The fre- 
quency with which the various patterns were 
observed in these patients is shown in table 3. 
One pattern of type 4 and five of type 3 were 
encountered after injections into six extremities 
of four patients. Islands were seen after four 
injections. Three of the five patterns of type 
3 were seen in extremities that had been 
edematous for less than 6 months. Patterns 
of type 1 were observed in the legs of the 
patient who had had edema for two and one- 
half years. 

Miscellaneous Conditions. Two patients hac 











pitting edema of the lower extremities owing to 
hypoproteinemia from causes other than 
nephrosis and cirrhosis of the liver. The dura- 
tion of edema was less than three months in 
both cases and all patterns observed were of 
types 0 and 1. 

One patient had had edema of the ankles 
ntermittently for six months owing to therapy 
with hydralazine (Apresoline). No edema was 
present at the time of the injections, and all 
patterns observed were of type 1. 

Two patients who had massive edema of the 
lower extremities secondary to decompensated 
hepatic cirrhosis were included. Patterns of 
type 3 were noted in three of the four ex- 
tremities and islands were noted in one. The 
edema had been present for three months in one 
case and 11 months in the other. 


PATTERNS OBSERVED IN APPARENTLY NORMAL 
CoMPANION EXTREMITIES OF PATIENTS 
WITH UNILATERAL EDEMA 


Thirty-nine patients had unilateral edema of 
the lower extremities and their apparently 
normal extremities were injected as well as the 
edematous ones. In only one of these apparently 
normal extremities was a pattern of type 4 
noted. The disease in the opposite leg of this 
patient was lymphedema praecox. One pattern 
of type 3 developed in the apparently normal 
leg of a patient with acute iliofemoral throm- 
hophlebitis in the opposite leg. Patterns of 
type 2 were noted in the apparently normal 
legs of two patients who had unilateral lym- 
phedema praecox. In the remaining 35 patients 
with unilateral edema, all patterns observed in 
the apparently normal extremities were of 
types 0 and 1. 


CoMMENT 


We do not claim to be measuring lymph 
low by the technic described. It is our assump- 
‘ion, however, that the reticular network 
surrounding the central wheal represents the 
‘amifications of cutaneous lymphatic capillaries 
vhich become filled with the fluorescent solu- 
ion during the injection. Specimens of lymph- 
‘dematous skin and subcutaneous tissue ob- 
ained at operation were injected repeatedly 
nd a typical reticular pattern was obtained; 
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unfortunately however, the riboflavin solution 
was lost in the process of preparing the tissue 
for sections. As a result microscopic con- 
firmation that the solution of riboflavin is 
actually in cutaneous lymphatic capillaries is 
lacking. Hudack and McMaster‘, however, 
have injected India ink and gelatin into the 
skin and have found on examining such speci- 
mens microscopically that the superficial 
plexus of lymph vessels and the deeper-draining 
trunks are filled. 

Hudack and McMaster‘ also emphasized 
that the lymphatic capillaries filled immedi- 
ately after the injection. Our observations 
confirm this. These investigators were able to 
demonstrate a cutaneous network of lymphatic 
capillaries after nearly every intradermal 
injection of nonfluorescent dyes, and they 
consequently stated that, because of the 
extensive intertwining network of lymphatic 
capillaries in human skin, every intracutaneous 
injection was to some extent an intralymphatie 
injection. 

Under the conditions of our investigation, 
however, we found that cutaneous lymphatic 
capillaries were filled poorly or not at all in 
normal as well as in many edematous ex- 
tremities. In sharp contrast, we found that 
extensive capillary networks were demon- 
strated with relative ease in extremities af- 
fected by lymphedema. This observation also 
has been made by Kinmonth and Taylor® 
while using a nonfluorescent dye, patent blue V. 

This naturally leads to the speculation that 
dilated capillaries of an incompetent lymphatic 
system are an easy target for the needle and 
become filled with the solution of riboflavin. 
Normal lymphatic capillaries, on the other 
hand, being empty and collapsed® are not so 
easily penetrated by the needle and hence not 
so frequently or extensively filled. It is con- 
ceivable that they do become filled with the 
solution but in the absence of lymphostasis 
any dye injected directly into the capillaries 
is so rapidly removed that it is not visible by 
the method which we employed. 

It has been shown that in most types of 
edema, regardless of cause, lymphatic capil- 
laries are wide open and distended with the 
edema fluid.?;7 Yet in this study patterns of 
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types 3 and 4 were observed with no sig- 
nificantly greater frequency in extremities 
edematous from acute thrombophlebitis and 
congestive heart failure than in normal ex- 
tremities. In extremities edematous from 
chronic venous insufficiency patterns of type 3 
were observed only rarely except in patients 
whose symptoms were of more than 10 years’ 
duration, and it is known that lymphatic in- 
competency is occasionally a sequel to venous 
insufficiency of long standing.* In lymphedema 
praecox, however, in which the primary con- 
dition is incompetency of the lymphatic 
system,® patterns of types 3 and 4 were ob- 
served as frequently in the early stages as in 
the more chronic stages and irrespective of 
whether or not edema was present when the 
tests were performed. In fact, we, and also 
Kinmonth and Taylor,® have observed rather 
extensive patterns of lymphatic capillaries in 
the apparently normal and non-edematous 
legs of some patients with unilateral lymphe- 
dema praecox. It seems, therefore, that mere 
distention of lymphatic capillaries does not 
predispose to their ready demonstration after 
an intracutaneous injection unless there is also 
a factor of incompetency or lymphostasis. 
Inconsistent with this reasoning were the 
results in patients with nephrotic syndrome, for 
25 per cent of the injections into the edematous 
extremities of nephrotic patients resulted in 
patterns of types 3 and 4. This is considerably 
more than in normal extremities but con- 
siderably less than in extremities affected by 
lymphedema. There is no reason to believe that 
lymphatic incompetency is a factor in nephrotic 
edema and, in fact, McMaster? has demon- 
strated that lymph flow is markedly increased 
in the skin of extremities edematous from 
nephrosis. It is difficult to explain why the 
capillaries of an apparently competent lym- 
phatic system become filled so frequently in 
nephrotic edema but fail to fill so readily in 
extremities with other types of edema, unless 
it is due to the fact that all of the extremities 
with nephrotic edema that were studied were 
massively edematous at the time of the in- 
jections while many of the extremities in the 
other categories were not edematous or only 
slightly so when the injections were made. 


Unfortunately we did not have the opportunity 
to repeat the injections in patients with 
nephrosis to determine whether or not lym- 
phatic capillaries could be demonstrated as 
readily after edema had subsided. 

The failure to demonstrate patterns of 
types 3 and 4 in the cases of extremely chronic 
lymphedema praecox (74 and 23 years’ dura- 
tion) may be due to obliteration of the 
cutaneous lymphatic capillaries by proliferation 
of fibrous tissue in the chronic stages of 
lymphedema. 

Too little is known about the pathophys- 
iology of lipedema and simple orthostatic 
edema and too few cases of edema due to 
hypoproteinemia and cirrhosis of the liver were 
studied to justify comment at this time. 

The high incidence of islands demonstrated 
after injections into lymphedematous  ex- 
tremities tends to confirm McMaster’s® opinion 
that they are indicative of lymphatic incom- 
petency. McMaster? rarely found islands after 
injections into extremities with nephrotic 
edema, but described a high incidence in con- 
gestive heart failure. We have found just the 
opposite. 


SUMMARY 


A method for demonstrating cutaneous 
lymphatic capillaries by injecting a fluorescent 
dye (riboflavin) intradermally is described. 
The patterns observed in the skin under ultra- 
violet light after such injections are classified 
as types 0 to 4, the former indicating no demon- 
stration of lymphatic capillaries while the latter 
indicates maximal demonstration. Patterns of 
type 4 were not seen in normal extremities and 
only 1.5 per cent of the injections into normal 
extremities resulted in patterns of type 3. In 
contrast, 17 per cent of the injections into ex- 
tremities with lymphedema showed patterns of 
type 4 and 44 per cent showed patterns of 
type 3. 

Patterns of types 3 and 4 were observed much 
less frequently in extremities with edema owing 
to causes other than lymphedema. Only in 
nephrotic edema did the frequency of patterns 
of types 3 and 4 (25 per cent) approach that 
seen in lymphedema. 

Certain of the data presented indicate that 
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xtensive filling of the lymphatic capillaries 
as in types 3 and 4) indicates lymphatic 
icompetency and not just lymphatic dis- 
ention. However, further observations are 
ecessary before the value of the fluorescent 
‘heal test in the differential diagnosis of 
eripheral edema can be definitely determined. 


SUMMARIO IN INTERLINGUA 


Es describite un methodo pro demonstrar 
utanee capillares lymphatic per medio del 

jection intradermal de un colorante fluores- 
ente (riboflavina). Le configurationes obser- 
ate in le pelle sub le lumine ultraviolette 
ost tal injectiones esseva classificate como 
ypos 0, 1, 2, 3, e 4. Le prime de iste typos 
iabeva nulle demonstration de  capillares 
ymphatic; le ultime habeva un demonstration 
naximal. Configurationes del typo 4 non 
esseva trovate in extremitates normal. Sol- 
inente 1,5 pro cento del injectiones in extremi- 
tates normal resultava in configurationes del 
typo 3. Del altere latere, 17 pro cento del 
injectiones in extremitates con lymphedema 
monstrava configurationes del typo 4, e 44 
pro cento monstrava configurationes del 
typo 3. 

Configurationes del typos 3 e 4. esseva 
observate multo minus frequentemente in 
extremitates con edema debite a causas altere 
que lymphedema. Un exception es le edema 
nephrotic. In illo le frequentia del configura- 
tiones typo 3 e typo 4 (25 pro cento) se ap- 
proximava al frequenta de iste typos in 
|vmphedema. 

Certes del datos presentate indica que le 


extense plenamento del capillares lymphatic 

(typos 3 e 4) significa incompetentia lymphatic 

e non simplemente un distension lymphatic. 

Tamen, observationes additional es necessari 

pro determinar definitemente le valor del 

supra-describite test in le diagnose de edema 
peripheric. 
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Peripheral Venoconstriction in Human 
Congestive Heart Failure 


By J. Eowtx Woop, M.D., Jutrus Lrrrer, M.D. anp Ropert W. WILkKins, M.D. 


A method for measuring venous “tone”’ in the limb segment of man in vivo was used to study the 
problem of cardiac decompensation. Venoconstriction was present in patients with heart failure 
and it tended to remit as the patients improved. 


ENOCONSTRICTION has been sug- 
gested as an explanation for a variety 
of observations made on animals and 
humans suffering from cardiac decompensa- 
tion.’-> We have used the method described by 
Litter and coworkers for measuring peripheral 
venous distensibility® to study this aspect of 
congestive heart failure in man. The method 
measures the increment of limb volume occur- 
ring in response to a known increment in local 
effective venous pressure. The experimental 
conditions were such that the starting point for 
each determination was a low, constant local 
effective venous pressure which had_ been 
rendered independent of central venous pres- 
sure. This characteristic of the method was 
important in that it allowed comparison of 
data obtained from different patients with 
widely divergent central venous pressures. 
The observations here reported indicate that 
the peripheral veins of patients with congestive 
heart failure are constricted as compared with 
those of. patients who have no cardiovascular 
disease and that this venoconstriction tends 
to remit with recompensation. 


METHODS 


All patients were studied in the sitting position 
since orthopnea prevented some from lying supine. 
The forearm rather than the leg was studied as the 
edema of the lower extremities of some of the 
patients might have affected the results. 

The subject was seated in a comfortable chair 
with his forearm inserted into a water-filled, vari- 
ble-depth, limb-segment plethysmograph which was 
16.5 em. long. A 5 cm. wide arterial occluding cuff 
around the wrist was inflated to suprasystolic pres- 
sure just prior to each determination. Volume 
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changes of the limb segment were recorded on a 
kymograph by a heated stylus attached to a Brodie 
bellows. The bellows was calibrated with known 
volumes of air introduced into the system. The pa- 
tient’s hand was supported by sand bags and the 
partially flexed elbow was supported by a rigid, 
padded block with two of its sides enclosed to pre- 
vent motion of the elbow. The forearm was placed 
at the level of the shoulder. A venous occluding cuff 
12.5 em. wide was placed around the upper arm. It 
was held firmly in place by adhesive tape and gauze. 
Great care was taken to prevent the cuff from exert- 
ing pressure on the arm in the uninflated state. Pres- 
sures in this cuff were controlled with a water 
manometer. Venous pressure was measured in the op- 
posite arm, which was at the same level as the ple- 
thysmographic arm, either just prior to, or through- 
out, each experiment. Venous pressure related to the 
level of the plethysmographic arm is referred to as 
the natural local venous pressure. The plethysmo- 
graphic water level was at least 5 cm. higher than 
the level of natural local venous pressure. Whenever 
possible, venous pressure was recorded in the supine 
position and related to the right atrium by the 
method of Lyons and associates.7 When the patient 
was unable to assume a supine position, venous 
pressure was related to the right atrium by the 
method of Winsor and Burch.’ Pressures related to 
the right atrium are referred to as the venous pres- 
sure. When this pressure exceeded 16 cm. of saline 
it was considered to be elevated. 

The experimental procedure for obtaining periph- 
eral venous distensibility was as follows: The ple- 
thysmographic water level was adjusted as noted 
above. Since external pressure around the forearm 
then exceeded the natural local venous pressure, the 
arterial inflow forced the local venous pressure to a 
level high enough to exceed slightly the applied ex- 
ternal water pressure. The effective pressure (in- 
ternal pressure minus external pressure) within the 
veins and their contained volume had then reached 
a low, constant and reproducible value. This pres- 
sure will be referred to as the effective local venous 
pressure. When measured directly, this value was 
found to be less than 1 mm. Hg. An equivalent 
starting point for each determination was then as- 
sured. The venous congesting cuff on the upper arm 
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is inflated at 1 mm. Hg increments until the first 
s niall inerease in forearm volume occurred. This cuff 
essure (whatever it happened to be as related to 
mospheric pressure) was called cuff zero pressure. 
iff pressure was then raised from cuff zero pressure 
- 30 mm. Hg pressure in 5 mm. Hg increments. 
ich of these pressure increments resulted in a vol- 
ne increment of the forearm and as soon as a new 
rearm volume was reached the next 5 mm. Hg 
crement of pressure was introduced into the cuff, 
he total of the volume increments of the forearm 
s gment venous system in response to the increase 
© 30 mm. Hg effective local venous pressure was 
t .us measured, starting at an effective venous pres- 
sire of less than 1 mm. Hg. The volume of the fore- 
am segment contained within the plethysmograph 
vas obtained by subtracting the capacity of the 
piethysmograph with the forearm in place from its 
previously determined total capacity. The total fore- 
am venous volume increase was converted to cubic 
centimeters per 100 cc. of tissue and is referred to as 
venous distensibility. A small distensibility was inter- 
preted as representing relative venoconstriction and 
a large distensibility represented relative venodilata- 
tion. 


Se ee et 


SUBJECTS 


Twenty hospitalized patients with signs and/or 
symptoms of congestive heart failure during or prior 
to testing were studied on 33 occasions. The types of 
heart disease which caused the cardiac decompensa- 
tion were distributed as follows: five hypertensive, 
three arteriosclerotic, four rheumatic, one syphilitic, 
five chronic pulmonary artery hypertensive, and 
two degenerative. The results of this study were es- 
sentially the same in all the types of heart disease 
studied. In 20 experiments the patients had elevated 
venous pressures while in 13 experiments the pa- 
tients had normal venous pressures. Six of these 13 
had some clinical evidence of cardiac failure while 
the rest appeared free of failure on clinical evalua- 
tion at the time of the experiment. In general, the 
patients with heart failure in the normal venous 
pressure group were not as severely incapacitated 
as were those in the elevated venous pressure group. 

Another group of 10 hospitalized patients with no 
cardiovascular disease but of roughly comparable 
ave and sex distribution was studied. These patients 
w:re considered to be normal controls, though they 
did suffer from a variety of diseases. The results ob- 
t:ined in this group were similar to those obtained 
in other studies carried out on the lower limbs of 
pine normal young male subjects.® 


RESULTS 


The peripheral venous distensibility in 
p tients with heart failure who had elevated 
V nous pressures averaged 2.9 cc. per 100 cc. 
0 forearm with a standard deviation (S.D.) of 
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+0.6 cc. Venous pressures in this group 
ranged from 17.0 to 38 em. of saline. There was 
no apparent correlation between the level of 
the venous pressure and the degree of venocon- 
striction. The values obtained in those patients 
who had definite clinical evidence of decom- 
pensation, but normal venous pressures aver- 
aged 3.2 cc. per 100 cc. of forearm with a 
S.D. of +0.6 cc. Patients with heart disease, 
but no evidence of failure at the time of the 
study, averaged 4.4 ec. with a 8.D. of +0.9 
ce. Finally, the patients who had no cardio- 
vascular disease had an average value of 4.4 
ce. per 100 cc. forearm with a S.D. of +0.4 ec., 
(fig. 1). 

Four patients from the group with heart 
failure and elevated venous pressure were 
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Fic. 1. Venous distensibility observations (cc. per 
100 ce. forearm, ordinate) under various clinical 
circumstances. Dotted line indicates lower limit} of 
control group. 
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Fic. 2. The effect of therapy on venous distensi- 
bility (ce. per 100 cc. forearm, ordinate). 
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studied again after recompensation and their 
venous distensibility rose from 2.3 cc. to 3.4 ec., 
2.1 ec. to 4.4 ec., 3.6 cc. to 4.8 ec., 3.2 cc. to 
4.3 cc. per 100 cc. of forearm, respectively. 
One patient with elevated venous pressure was 
improved by therapy and venous distensibility 
rose from 2.4 to 3.0 cc. per 100 ce. of forearm 
(fig. 2). 


DIscussION 


These studies indicate that the peripheral 
venous systems of patients with congestive 
heart failure are less distensible than those of 
patients without cardiovascular disease. How- 
ever, there was no apparent relationship be- 
tween the degree of venoconstriction and 
the magnitude of venous pressure elevation in 
the congestive heart failure patients. Indeed, 
patients with other signs of cardiac decompen- 
sation, but normal venous pressure frequently 
though not invariably showed decreases in dis- 
tensibility of the same order of magnitude as 
those observed in patients with elevated venous 
pressures. This decreased distensibility or 
venoconstriction tended to remit as the patient 
improved and in fact it often returned to the 
range of control values after successful therapy. 
Thus the status of the peripheral veins could 
be roughly correlated with the overall clinical 
status of an individual patient’s decompensa- 
tion. 

The evidence presented establishes a firm 
basis for the belief that peripheral venocon- 
striction occurs in patients with congestive 
heart failure. However, whether or not this 
peripheral venoconstriction is also generalized 
cannot be determined by this method. One can 
state that at a given venous pressure within 
the range of the pressures utilized for this 
study (0 to 30 mm. Hg) the contained volume 
of the peripheral vein system in congestive 
heart failure patients was less than that in 
normal subjects. These studies do not suggest 
a causative mechanism for the observed 
venoconstriction, nor do they clarify its 
relationship to the numerous other physio- 
logic responses to the failing heart. 


SUMMARY AND CONCLUSIONS 


A method for the measurement of venous 
distensibility which effectively isolates the 


peripheral venous system from the influences 
of central venous pressure changes has been 
applied to the problem of human congestive 
heart failure. 

Two groups of patients with heart failure 
were studied. One group was composed of 
patients who had elevated venous pressures 
and the second consisted of patients with normal 
venous pressures. Some of the patients were 
restudied after improvement occurred in the 
congestive state. A group of patients who had 
heart disease but were not in failure at the 
time of testing were studied. 

A control group composed of hospitalized 
patients who had no cardiovascular disease 
was also studied. 

The patients with heart failure had periph- 
eral venoconstriction as compared with the 
control patients. This decreased venous dis- 
tensibility returned toward or to normal as 
compensation of the heart failure occurred. 
Venoconstriction was observed in heart failure 
patients who had normal peripheral resting 
venous pressures as well as in those with 
elevated peripheral venous pressures. 


SUMMARIO IN INTERLINGUA 


Un methodo pro le mesuration del distensi- 
bilitate venose, que isola efficacemente le peri- 
pheric systema venose ab le influentia del 
variationes in le pression venose central, esseva 
applicate al problema del congestive disfalli- 
mento cardiac in humanos. 

Esseva studiate duo gruppos de patientes 
con disfallimento cardiac. Un del gruppos con- 
sisteva de patientes con elevate pressiones 
venose. Le patientes del secunde gruppo habeva 
normal pressiones venose. Alicunes del pa- 
tientes esseva restudiate post que illes habeva 
attingite un melioration de lor stato congestive. 
Esseva studiate un gruppo de patientes con 
morbo cardiac, non in stato de disfallimento al 
tempore del tests. Etiam un gruppo de con- 
trolo esseva studiate, consistente de patientes 
hospitalisate qui non habeva morbo cardiovas- 
cular. 

Le patientes con disfallimento cardiac habeva 
venoconstriction peripheric in comparation 
con le patientes de controlo. Iste reducite dis- 
tensibilitate venose retornava verso 0 usque 2 
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alores normal in tanto que compensation del 
isfallimento cardiac esseva effectuate. Veno- 
mstriction esseva observate in patientes de 
isfallimento cardiac qui habeva normal 
ripheric pressiones venose in reposo e etiam 
1 patientes qui habeva elevate peripheric 
ressiones venose. 
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Studies on the Control of Hypertension 


VI. Some Evidence for Reversal of the Process During 


5 


Hexamethonium and Hydraiazine Therapy 


By H. Mrrcnett Perry, Jr., M.D. AnD Henry A. ScoroepEer, M.D. 


Because doses of antihypertensive agents necessary to control human arterial hypertension at 
relatively normotensive levels were observed to decrease with time, records of all patients in our 
series receiving oral hexamethonium chloride and hydralazine (but no other drugs) were analyzed 
(114 cases). After two years of therapy, those patients maintaining average diastolic pressures 
below 100 mm. Hg were found to require considerably less methonium ion while those unable or 
unwilling to control their pressures to this degree needed approximately their initial doses. Further 
decreases in drug requirements for the well-controlled group occurred after three years. Ten were 
able to discontinue all medication eventually and nine others needed only smaller doses of hydrala- 
zine; in these reversal of secondary changes was sometimes observed. Prolonged, continuous and 
adequate drug therapy is apparently associated with a change in the basic process producing hyper- 


tension. 


FTER the first consistent 
chronically lowering markedly  ele- 
rated human diastolic pressure to 

normal or nearly normal values by autonomic 
blockade plus oral hydralazine,':? interest 
was aroused as to the permanence of the 
change or lack of it. Although the side effects 
of therapy gradually dwindled in a manner 
reminiscent of the tolerance characteristic for 
methonium compounds,’ no tolerance to the 
antihypertensive effect of the combined treat- 
ment has been observed after four years. On 
the contrary, a progressive diminution in 
drug requirement has frequently been ob- 
served. Moreover, after varying periods of 
induced normotension, some patients, in- 
cluding an occasional one who originally had 
severe diastolic hypertension, have been 
gradually able to diminish and eventually to 
discontinue treatment entirely, without re- 
elevation of blood pressure. To ascertain the 
magnitude of such trends, the dosage and 
blood pressure data for our patients orally 
treated with hydralazine and hexamethonium 
chloride have been tabulated. This paper in- 


successes in 
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dicates the overall results and discusses in 
some detail those patients who no _ longer 
require autonomic blocking agents. Because 
generalized vasospasm, and not secondary 
atherosclerosis, was being affected by the 
drugs, the severity of the disease encountered 
is considered mainly in terms of blood pres- 
sure. 


METHOD 


Every patient with high blood pressure dis- 
charged from Barnes Hospital between August of 
1951 and May of 1954 after treatment by us with 
both oral hexamethonium chloride and hydralazine, 
but no other antihypertensive agent, was included in 
the study, provided that, adequate daily follow-up 
data were available for at least one year, that there 
was no evidence of delayed hydralazine toxicity® or 
other intercurrent condition, and that other vaso 
active drugs, particularly the Rauwolfia or veratrum 
alkaloids and newer ganglionic blocking agents, were 
not added to the regimen during the period in ques- 
tion. Unfortunately, a considerable number of the 
more severely hypertensive patients had to be re- 
moved from the series because of replacement. of 
hexamethonium with pentapyrrolidinium ion or the 
addition of reserpine. Of the 114 individuals who ful 
filled the criteria, 59 were white males, 13 were 
Negro, and 29 were ward patients. The average 
age was 46 witha rangefrom 24 to65 years. Althoug! 
nine had been surgically sympathectomized at th 
time of first entering the hospital, none was following 
any effective antihypertensive regimen other thai 
sodium restriction. 

The pretreatment control diastolic pressure take1 
with the patient at rest in bed exceeded 100 mm. H; 
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n all instances and it was felt that both ganglionic 
lockade and hydralazine were needed to produce 
1ormotension. The pretreatment value for each pa- 
tient was the mean of all supine readings taken by 
iurses at four hour intervals day and night in the 
\ospital before any drugs were given. The mean 
i1umber of measurements averaged for each patient 
was 18. A minimum of 10 readings were available 
xcept in the cases of five individuals admitted as 
emergencies because of signs of cerebral edema and a 
liastolic pressure greater than 150 mm. Hg. 

Fundoscopic examination, urinalysis and a de- 
termination of the level of nonprotein nitrogen in the 
blood was carried out in all cases. Hemorrhagic 
and/or exudative retinitis was observed in 39, of 
whom 10 showed edema of the optic nerve as well. 
Twenty-eight had 1 to 4 plus albuminuria and 26 
more a trace of protein in their urine. Thirteen were 
azotemie with an average of 41 mg. of nonprotein 
nitrogen per 100 ml. of plasma.* The mean excretion 
of intravenously injected phenol red within 15 
minutes was 19.9 per cent in the 102 tests for which 
the urine volume was adequate. In 32 of the 66 
instances when a sodium amytal release test was 
performed, the diastolic pressure remained above 90 
mm. Hg, the minimum reading averaging 106 mm. 

In the hospital, the average diastolic pressure was 
controlled with a constant dose of oral hydralazine 
at four-hour intervals and simultaneously a variable 
dose of oral hexamethonium chloride depending on 
the level of the sitting systolic pressure. Each patient 
obtained a sphygmomanometer and adequate in- 
struction in its use. To each was explained his hospi- 
tal regimen which he was instructed to continue at 
home. After discharge, each kept a daily record of 
his blood pressure and medication, which were col- 
lected upon his return. For 33 who required further 
regulation in the hospital, a check on the validity of 
the patient’s own records was available; agreement 
was excellent. Pertinent laboratory data were 
gathered at suitable intervals by the same laboratory 
which made the pretreatment observations. No other 
drugs, dietary regimens, or therapy of any kind was 
employed. 

Because of difficulty in grading the severity of the 
hypertensive process objectively, the patients were 
divided into three arbitrary groups solely on the 
basis of their pretreatment diastolic pressures, no 
account being taken of the presence or absence of 
serious secondary manifestations, such as congestive 


* The maximal normal level of nonprotein nitrogen 
in the blood after deproteinization by zine hydroxide 
as used here (Somogyi, M.: Method for preparation 
of blood filtrates for determination of sugar. J. Biol. 
Chem. 86: 655, 1930) is 26 mg. per 100 ml. The low 
value is due to removal of glutathione, ergothioneine, 
uric acid and perhaps other substances which are not 
precipitated by the more usual phosphotungstie acid 
procedure. 


heart failure, cerebrovascular accident, coronary oc- 
clusion or renal functional impairment. Forty pa- 
tients were in the so-called mild group with control 
diastolic pressures from 100 through 114 mm.; 41 
were in the moderate group with pressures from 115 
through 129 mm. and 33 were in the. severe group 
with pressures from 130 through 180 mm. Hg.* The 
average pretreatment systolic pressures at rest for 
the three groups was 221, 193, and 179 mm. Hg 
respectively. A posttherapeutic diastolic pressure of 
100 mm. Hg was arbitrarily chosen to divide each of 
the three groups into a so-called controlled and an 
uncontrolled subgroup. These pressures were calcu- 
lated for the pair of weeks, exactly one month and 
one year after hospital discharge;t when they were 





* For the sake of simplicity throughout the paper 
the italicized terms mild, moderate, and severe each 
designates a group of patients as defined in the text 
solely by their pretreatment diastolic pressures. This 
grouping is not to be confused with that previously 
used.? Of the patients here discussed nine had 
“moderate benign’’ stages of hypertension by the 
more usual classification, 66 had ‘‘severe benign’’ 
stages and 39 had “‘malignant”’ or ‘“‘premalignant’”’ 
stages, the latter with resting diastolic pressures 
above 120 mm. Hg and normal optic dises but with 
hemorrhagic and/or exudative retinitis and gravely 
impaired renal function. Similarly the italicized terms 
controlled and uncontrolled designates the subgroups 
of patients as defined in the text solely by their post- 
therapeutic diastolic pressure. For simplicity’s sake 
in comparing values of both blood pressure and 
dosages, the period beginning one month after hos- 
pital discharge will several times be indicated as the 
initial posttreatment period to distinguish it from 
the periods beginning 1, 2 or 3 years following 
discharge. 

t The blood pressure and the dosage of medication 
immediately before hospital discharge is an unfair 
base of comparison for the follow-up data since the 
period of control is brief and often does not represent 
a steady state. Diastolic pressure and drug intake 
for the last 48 hours in the hospital, for the first week 
at home and for the pair of seven day periods begin- 
ning exactly one and two months after discharge were 
calculated for a considerable number of patients. The 
first two were different from each other and from the 
last two, which, on the other hand, were quite similar. 
Using a fortnight instead of a week was carefully 
checked and found to be no more reliable; seldom 
was the variation between two consecutive weeks 
more than 10 per cent with respect either to blood 
pressure or drug intake. On this basis, the seven-day 
period, exactly one month following discharge from 
the hospital, was used to obtain the initial post- 
treatment blood pressure and dosage levels. Since 
warm weather lowers both the blocd pressure and the 
hexamethonium requirement, only yearly follow-ups 
obviated seasonal bias and hence were considered 
worthwhile. 
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TABLE 1.—Pretreatment Diastolic Pressure and Severity of Hypertension Compared with Diastolic Pressure and 


Pretreatment 


ra Month and a Year of Treatment 


After a Month of Therapy After a Year of Therapy 





No. 


£2. | Diastolic | Reti- | Albu 
"| pressure | nits nuria 

| | cre- 

| ted 


15 


Group Subgroup | min 


Albu- Ain, 


mm. Hg 


107 + 
110 + 


Mild Controlled 


Uncontrolled 


0.39 
0.29 


0 
0 


25 


| 0.08 
0.14 


Controlled 
Uncontrolled 


Moderate 0.46 


0.21 


0.50 
0.36 


18 
21 


21 + 
123 + 


19 
14 


Controlled 
Uncontrolled 


Severe 


143 
146 


0.68 
| 0.64 


+ 15) 0.58 
+ 4) 0.57 


| 0.37 
| 0.21 | 


13 
16 


| 
| 
| 
| 


PSP | Diastolic 
temia|% ex-| pressure | 


| mm. 
| 


90 
| 101 


92 
| 106 


93 
| 107 


Diastolic 
pressure 


Methonium | Hydralazine 


| | 
| :. R ; 
| Methonium | Hydralazine crariinn pee tn 


| 


mm. Hg 


89 + 
102 + 


Hg | Gm 

+ 9| 1.93 + 0.70] 0.45 

+ 6| 2.37 + 0.76] 0.55 
| 

+ 2) 2.30 + 0.84) 0.53 

+ 6 2.21 + 0.95| 0.52 


Gm./day 


+ 0.18 
+ 0.21 


./day 


0.64 
0.91 


+ 0.44] 0.83 
+ 0.23) 0.90 


+ 0.30 
+ 0.32 
+ 0.17 
+ 0.11) 


92 + 
108 + 


0.81 
5) 0.87 


+ 0.45) 0.89 
as 0.12) 0.99 


+ 0.40 
+ 0.44 





+ 0.21] 90+ 7 
+ 0.28) 110 + 10) 


| 
+3) 1.774 0.81) 0.53 
+ 5| 2.50 + 0.90) 0.67 


0.80 
1.10 


+ 0.52) 0.99 
+ 0.52) 1.02 


+ 0.47 
+ 0.45 


The two left hand columns designate the range of diastolic pressure before therapy and after a year of treatment respectively, as discussed in 
the second footnote. The third column shows the number of patients in each of the six subgroups. The following five columns indicate the pre 
treatment severity of the hypertension in each subgroup. The diastolic pressure is defined in the text. The figures in the columns headed with 
Retinitis, Albuminuria and Azotemia represent the fractionof individuals ineachsubgroup who had hemorrhagic orexudative retinitis, albuminuria, 
and azotemia respectively; the excretion of phenol red (PSP) is in terms of the mean percentage of dye appearing within 15 minutes of intra- 
venous injection when the urine volume was adequate. The next three columns list the diastolic pressure and dosage data at one month after 
hospital discharge, obtained as described in the text. The final three columns tabulate similar information at one year after discharge; however, 
the dosages of drugs are expressed as ratios of the respective daily intakes, the basis of the ratio for each patient being the one-month figure for 
that individual. The number following + throughout the table indicates standard deviation. 


available similar two-year and three-year follow-up 
analyses were obtained. The individual values for 
each patient were gotten by averaging either 35 or 
28 recorded blood pressure readings and dosages of 
each drug, depending on whether the patient took 
his medicine four or five times a day. Each of the 
figures for a group or subgroup cited in the text or in 
a table is the mean of the individual values for all 
the patients involved. Over 20,000 separate measure- 
ments of blood pressure were analyzed. Because of 
the variation in initial dosage from patient to patient, 
the percentage change was determined at annual 
intervals. Hence the follow-up hexamethonium and 
hydralazine intakes are expressed as ratios, being the 
daily grams ingested 1, 2, and 3 years after dis- 
charge from the hospital, divided by the daily grams 
ingested one month after discharge. Patients were 
not included in the figures anytime subsequent to 
discontinuation of one or both drugs, unless perma- 
nent normotension had been achieved. 


RESULTS 

After a month of treatment the average 
daily intake of oral hexamethonium chloride 
was 2.11 with extremes of 4.80 and 0.63 Gm. 
The dose was less than 1 Gm. per day in only 
six cases of which two were azotemic and one 
a sympathectomized patient. The comparable 
mean dose of oral hydralazine was 0.52 with 
extremes of 1.24 and 0.13 Gm. per day. 

Table 1 indicates that the lower the pre- 
treatment diastolic pressure the greater the 


likelihood of prolonged post-treatment control. 
Even in the severe group, however, the ma- 
jority had diastolic pressures less than 100 
mm. Hg after a year of therapy. In all three 
of the controlled subgroups a similar or lower 
diastolic pressure was maintained by less 
autonomic blocking agent after a year than 
initially,* but only an equivocal decrease in 
hydralazine ingestion occurred. The diminu- 
tion in use of both drugs was greatest for the 
mild group. In contrast, there was no change 
in dosage or diastolic pressure for any of the 
three uncontrolled subgroups. tf 


* The diminution and eventual discontinuation of 
hexamethonium chloride is an automatic process 
dependent only on the patient’s dosage schedule 
whereby the full dose is taken for a sitting systolic 
pressure over 140 mm. Hg; half of a dose for 
between 130 and 140 mm. and a fourth of 
a pressure between 120 and 130 mm. There 
parable automatic decrease in the dose of hydralazine 
since the regimen calls for a constant intake until it 
is reduced by the physician. 

Tt Most individuals in the uncontrolled subgroups 
either refused to increase their doses or were not 
urged to do so because of the presence of azotemia, 
old cerebral vascular accident or other secondary 
atherosclerotic complications. A few were de- 
liberately maintained on their initial doses in order 
to observe whether or not their moderate or mild 
hypertension diminished. Sufficient have 
usually resulted in control. 


a pressure 
a dose for 
is no com- 


doses 
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‘ABLE 2.—Comparison of Dosage and Blood Pressure, Early in Treatment and After Two Years for Seventy- 


Hight Patients and After Three Years for the Thirty-Seven Patients 





Group Subgroup = | 


| Pretreatment, | 

Diastolic |__ 
Pressure, 
mm. H, 


Data After 2 & 3 Years 
of Therapy 


Data After a Month 
of Therapy 


Meth., | Hydral., | pias. | Meth. | Hydral., 
Gm./day | Gm./day lenent He’ Gm./day Gm./day 


| 
| | 
| 


| Diast. | 
| Pressure,| 
mm. H 





Mild Contro'led 28 


Uncontrolled 5 


Moderate Controlled yA 
Uncontrolled 8 
Severe Controlled } ii 
Uncontrolled | 5 


Mild 


Controlled | mf 
Uncontrolled — | 3 
Moderate Controlled 
Uncontrolled 
Severe Controlled 
Uncontrolled 


Every patient for whom adequate data were available has been included in this table which is similar to 
; 1 


Two Year Follow-up 


107 
113 


121 
123 


148 
136 


105 
114 


150 
136 


90 
97 


0.37 
0.88 


85 | 
104 | 


89 | 
108 


94 0.69 


1.06 


98 
110 


0.76 
0.93 


Three Year Follow-up 


0.42 
0.84 


87 
98 


. 54 
50 


92 2. 0.: 
106 3.0% 0.é 


0.31 
0.96 





108 


95 
108 


1.63 
2.96 


0.43 
0.63 


90 
105 


0.60 
0.69 


table 1. Since the patients were all included in the first table it was not felt necessary to retabulate any indices 
of the severity of the hypertension beyond the mean diastolic pressure. The agreement between the pretreat- 
ment diastolic pressures in the two tables is a measure of how closely the smaller numbers of patients in table 2 


resembles the corresponding parent group in table 1. 


Choosing the data in another manner and 
considering only the controlled subgroups, 7 of 
19 in the severe group, 9 of 27 in the moderate 
group and 13 of 32 in the mild group required 
less than half the initial post-treatment dose 
of methonium after a year. Two, 3 and 6 
patients respectively needed less than a 
fourth of their blocking agent; and 1, 1, and 5 
less than an eighth. 

The first part of table 2 gives comparable 
results after two years of therapy for the 78 
patients on whom adequate records are avail- 
able. A downward trend of diastolic pressure 
in all three controlled subgroups is obvious. 
There is a further decrease in the hexameth- 
onium requirement which is_ particularly 
evident for controlled patients of the mild 
group, 28 of whom required an average of only 
37 per cent of their initial dose of blocking 
agent. There is a similar, but less marked 
decrease in the dosage of hydralazine. 


The second part of table 2 lists the values 
for the 38 patients whose records are avail- 
able for three years. The small numbers re- 
duce the significance, but the previously 
mentioned two-year trends can be seen. It 
appears that the uncontrolled subgroups, unlike 
their controlled counterparts, had no definite 
change in diastolic pressure or 
drugs after two and three years.* 


dosage of 


*Ten patients in the moderate and severe groups 
were dropped from the series after completing one or 
two years of therapy because pentolinium tartrate 
was then substituted for hexamethonium chloride. 
Three had been controlled but side effects were bother- 
some. For them the same degree of control continued 
with little amelioration of symptoms after the sub- 
stitution. Their mean diastolic pressure on a daily 
average of 1.52 Gm. of hexamethonium chloride 
had been 88 mm. Hg and on 0.39 Gm. pentolinium 
tartrate was 91 mm. Hg. In 7 of the 28 patients in 
these two groups who had not been controlled at the 
end of one year, primarily because of excessive side 
effects, the change in regimen was made in an effort 
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Fic. 1. Blood pressure and oral medication for a 34 
year old white male with a malignant stage of hyper- 
tension. The range of pretreatment blood pressure 
is indicated by cross-hatching. The bar graphs indi- 
cate the drug intake, the open area representing 
hydralazine, the dotted hexamethonium (Cs), and 
the solid pentolinium (C;). Note that the scale is 
different for the two methonium compounds since 
the second is approximately five times more potent 
than the first. 


The change in blood pressure and medica- 
tion with time are indicated in figure 1 for a 
single patient, typical in everything except 
the more than average severity of his hyper- 
tension. Before treatment, he had hemorrhagic 
and exudative retinitis with papilledema, a 
resting diastolic pressure of 140 mm. Hg in the 
hospital, 4 plus albuminuria and 10 per cent 
excretion of intravenously injected phenol red 
in 15 minutes. His daily oral medication, one 
month after hospital discharge, was 2.71 Gm. 
hexamethonium chloride and 0.75 Gm. hy- 
dralazine. At one year, the dose of blocking 
agent was 1.19 Gm. hexamethonium chloride 


to achieve control. The average of the mean diastolic 
pressures of four fell from 110 to 89 after they replaced 
a daily average of 3.77 Gm. of hexamethonium 
chloride by 0.82 Gm. of pentolinium tartrate. In the 
other three, however, no significant improvement 
could be discerned. Their average diastolic blood 
pressure only fell from 114 to 110 mm. Hg as they 
substituted a daily mean dose of 0.41 Gm. pentolinium 
tartrate for a daily dose of 1.99 Gm. hexamethonium 
chloride. The ratio of ingested pentolinium to hexa- 
methonium ion approximated 1:5 which was pre- 
viously reported® as being close to their relative anti- 
hypertensive efficacy. 


and at two years it was 0.06 Gm. of pento- 
linium tartrate which is approximately equiva- 
lent to 0.30 Gm. hexamethonium chloride.® At 
three years it was 0.03 Gm. of pentolinium 
tartrate. The intake of hydralazine was 0.75, 
0.15 and 0.025 Gm. at one, two and three years, 
respectively. The blood pressure has consist- 
ently remained below 140/90 mm. Hg and the 
15 minute phenol red excretion has increased to 
17 per cent. 

Table 3 gives the individual data for those 
who were able gradually to decrease their 
doses of autonomic blocking agent and finally 
discontinue it while still maintaining an es- 
sentially normal diastolic pressure. Of the 19 
patients, 10 had discontinued their hydralazine 
as well at the month indicated. All in the 
severe group had originally had_ electro- 
‘ardiographic abnormalities, most had had 
albuminuria and half had had hemorrhagic 
retinitis. Considerable electrocardiographic evi- 
dence of disease, but few of the other changes 
beyond elevated diastolic pressure, had been 
present in the other two groups. 

Kight patients of the 114 in the series died 
after an average of 26 months from the be- 
ginning of therapy. Three were not controlled, 
one year after starting treatment, because of 
intermittent discontinuation or insufficient 
dosage. In the other five the diastolic pressure 
had remained below 100 mm. Hg for a year; 
however, in 2 at least and probably in 2 others, 
therapy was lessened to the point of a re- 
elevation of blood pressure before death. A 
cerebrovascular accident was the terminal 
event in six. One died of cardiac rupture after 
myocardial infarction. The other, who had had 
a pretreatment diastolic pressure of 176 mm. 
Hg; hemorrhagic and exudative retinitis with 
edema of the optic nerves, and azotemia, died 
of renal failure after 30 months of treatment.* 

The problem of patients passing from a 
controlled to an uncontrolled subgroup was 
never encountered in analyzing a patient’s 


* This patient was in fairly good health with weli- 
controlled blood pressure in spite of slowly progres- 
sive azotemia (pretreatment nonprotein nitrogen of 
61 mg. per 100 ml. of blood rising in 30 months to 103 
mg.). Terminally, a severe gastrointestinal hemor- 
rhage precipitated shock and uremia. Both kidneys 
together weighed only 105 Gm. 
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’ sBLE 3.—Inilial Intake and Length of Therapy in 19 Patients who Discontinued Methonium with a Comparison of 
Pre- and Post- Treatment Laboratory Data 
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Table 3 gives detailed data on 19 patients who without compromising their normotension have been able in 
periods from 12 to 39 months to diminish gradually and eventually discontinue the blocking agent (hexa- 
methonium chloride, Cs) which was initially found necessary to control their hypertension. Four had pretreat- 
ment diastolic pressures of 130 mm. Hg or higher; 6 had pressures from 115 to 129 and 9 had pressures below 115. 
The next to the last patient in the table had been sympathectomized prior to drug therapy, which may explain 
the low initial dosage of hexamethonium chloride and the relatively high diastolic pressure at 30 months. Ten 
of these patients have been able to discontinue completely their hydralazine. 
The first column indicates the average daily dose of hexamethonium after a month at home in the manner of 
table 1 and the text. The second column lists the number of months at which methonium medication was auto- 
iatically terminated and the third indicates the dose of hydralazine at that time. The next five pairs of columns 
ibulate the control values and the values at the end of discontinuation of methonium for five laboratory evi- 

“ences of the severity of hypertension. The pretreatment diastolic pressure is the previously discussed mean. 
‘he sixth and seventh columns show when hemorrhages (h) and/or exudates (e) were present in the optic fundi; 
1e next pair, the presence or absence of albuminuria; the next pair, the 15-minute excretion of intravenously 
ijected phenol red when the urine volume was at least 50 cc; and the final pair, electrocardiographic interpreta- 
on. 

Abbreviations: ischem. = myocardial ischemia, LVE = left ventricular enlargement, normal = within normal 
mits and damage = myocardial damage. A final column has been added to summarize the changes in the fundi, 
rine, renal function and electrocardiogram. Any improvement between pretreatment and posttreatment values 
i these columns was counted as one. Many of the changes in any individual are not significant; however, the 
‘neralized nature of the improvement may be. The means for several of the columns are given underneath each 


‘the three groups and, in several instances, are expressed as the number with an abnormality over the total 
imber in the group. 
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records. Instances cited in the previous para- 
graph were discovered only after the terminal 
episode. Eight patients moved in the reverse 
direction from an uncontrolled to a controlled 
subgroup between the first and second years of 
therapy. Eighteen other patients who were 
uncontrolled after one year, and for whom a 
two year follow-up is available, did not change 
their status over this interval. Patients who 
keep adequate records for one year generally 
continue to do so. Of the 86 who began therapy 
more than 24 months ago, 78 have adequate 
two-year follow-up records while only eight 
have not communicated with us for three 
months. 

There are an additional eight, currently 
normotensive, patients who have discontinued 
methonium medication, four of whom have 
discontinued hydralazine as well. They have 
not been included in the series because of the 
addition of Rauwolfia alkaloids to their reg- 
imens. All but one would have been in the 
mild controlled subgroup. 


Discussion 

This paper concerns itself with the rela- 
tionship between blood pressure and drug 
dosage and how it changes with time. To avoid 
confusion only one antihypertensive regimen is 
considered. Laboratory and clinical data are 
treated more fully elsewhere.’:* They are 
mentioned here only to demonstrate the 
severity of the hypertension. 

The 114 patients were all considered to have 
serious hypertension. Their mean diastolic 
pressure at hospital rest was 123 mm. Hg. 
Almost half of the sodium amytal release tests 
did not result in diastolic normotension, and 
about half of the urinalyses revealed protein. 
Severe renal damage and hemorrhagic retinitis 
were common. In each case autonomic block- 
ade plus hydralazine were either found or 
deemed necessary to achieve and maintain 
normal blood pressure. The data of tables 1 
and 2 substantiate the: longstanding clinical 
impression that a diminishing requirement for 
both blocking agent and hydralazine in order 
to maintain normotension occurs with time.‘ 
This lessened need for drugs suggests that the 


hypertension slowly alters to a stage less 
severe than at first. Increased sensitivity to 
the drugs, however, is not apparent in patients 
whose diastolic pressure remains distinctly 
elevated, even though it may have been 
lowered somewhat by therapy. Moreover, 
real tolerance follows discontinuation of the 
drug as in the previously reported case where 
the initial normotension effected by 1 Gm. of 
oral hexamethonium chloride daily could not 
be matched by less than 2.5 Gm. of oral 
pentolinium tartrate after treatment was once 
stopped and could not be approached by 4 Gm. 
of intramuscular pentolinium tartrate after the 
second discontinuation of autonomic blocking 
agent.° 

There was no obvious pretreatment differ- 
ence between those patients who were con- 
trolled by drugs and those patients who re- 
mained uncontrolled, yet after a year of 
therapy, 79 of the former needed an average 
of only 73 per cent of their initial blocking 
agent while 35 of the latter were still taking 
97 per cent of it. At the end of two years, the 
percentages of blocking agent ingested by the 
two groups of patients were 57 and 99 respec- 
tively. Less definite were the comparable 
figures for hydralazine intake which were 89 
and 96 per cent at one year and 71 and 86 
per cent at two years. 

Ten of 114 patients, including a pair in the 
severe group, were gradually able to discon- 
tinue all treatment without compromising 
their new-found normotension. Other labora- 
tory evidence (table 3) for pretreatment 
cardiovascular and renal involvement sub- 
stantiates the diastolic pressure as a measure 
of significant hypertension. Moreover, the 
trend toward normalcy noted in the objective 
tests following prolonged normotension sug- 
gests that lowering the blood pressure is 
worthwhile, since it allows some secondary 
manifestations of the pathologic process to 
reverse. Evidence of such regression has 
previously been observed for those severely 
hypertensive individuals who have the greatest 
opportunity to show this effect since they 
have the maximum pretreatment deviation 
from normal.’ 
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It must be reemphasized that automatic 
cand gradual withdrawal of drug therapy 
hich accompanies prolonged normotension 
very different in its overall result from 
‘idden early discontinuation because of in- 
mvenience or unpleasant side effects. The 
rmer results in apparent, although perhaps 
mporary, ‘cure’ while the latter is usually 
i ital in sufficiently severe cases’ or leads to a 
serudescence of the original hypertension in 
iilder ones. 

The extent and direction of the systematic 
jias of the results is unknown. There is a 
endency to lose both the best and the worst 
results to follow-up. The latter drop out to 
-eek help elsewhere and the former are ‘‘cured” 
and need no help. Division into controlled 
and uncontrolled subgroups with 100 mm. Hg 
as the dividing line can be criticized. Depres- 
sion of the diastolic pressure from 101 to 99 
mm. Hg is hardly significant, whereas a de- 
pression from 150 to 101 may well be life- 
saving. In order to be fully objective, however, 
it was felt necessary to be somewhat arbitrary. 


SUMMARY 


One hundred and fourteen patients with 
hypertension of varying degrees of severity 
were followed closely during at least one year 
of carefully controlled therapy with an oral 
combination of hexamethonium chloride and 
hydralazine without other drugs. At the end 
of this period, 79 patients who had main- 
tained diastolic pressures below 100 mm. Hg 
required only 73 per cent of their initial dose 
of blocking agent; whereas 35 whose hyper- 
tension had not been so reduced were still 
‘aking 97 per cent of their initial dosage. The 
‘8 patients who were similarly followed for 
‘wo years and the 37 who were followed for 
hree years reinforced the suggestion that, 
ollowing normotension or near normotension, 
he dosage of antihypertensive drugs dimin- 
shed with time, whereas with less adequate 
‘ontrol of blood pressure the required dosage 
‘remained unchanged. In 19 normotensive 
yatients, this trend had extended to the point 
£ complete discontinuation of hexamethonium 
‘hloride and in 10, to the discontinuation of 


hydralazine as well, without a recrudescence 
of hypertension. 
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SUMMARIO IN INTERLINGUA 


Cento dece-quatro patientes con hyperten- 
sion de varie grados de severitate esseva 
observate durante un anno o plus de un caute- 
mente controlate therapia oral a chlorido de 
hexamethonium combinate con hydralazina. 
Nulle altere droga esseva usate. Al fin del 
periodo, 79 patientes qui habeva mantenite 
pressiones diastolic infra 100 mm Hg requireva 
solmente 73 pro cento de lor dose initial del 
agente blocator, durante que 35 patientes qui 
non habeva attingite un simile reduction de lor 
hypertension prendeva ancora 97 pro cento 
de lor dose initial. Septanta-octo patientes 
esseva similemente observate durante duo 
annos e 37 patientes durante tres annos. Le 
observationes de lor casos reinfortiava le 
notion que post le attingimento de normo- o 
quasi-normotension, le requirite doses del 
drogas antihypertensive se reduce in le curso 
del tempore, durante que in casos de minus 
adequate domination del pression sanguinee, 
le requirimento de dosage remane incambiate. 
In le caso de 19 patientes normotensive, iste 
tendentia attingeva le puncto del complete 
discontinuation de chlorido de hexamethonium. 
In 10 de ille casos etiam le hydralazina esseva 
discontinuate. Nulle de iste patientes ex- 
perientiava un_ recrudescentia del 
tension. 


hyper- 
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Pectoralis Minor Tenotomy 


and Anterior 


Scalenotomy with Special Reference to 
the Hyperabduction Syndrome and 
“Effort Thrombosis” of the 


Subelavian Vein 


By Jere W. Lorp, Jr., M.D. AND PreTrer W. Strong, M.D. 


Symptoms referable to the subclavian vessels or lowermost cord of the brachial plexus are frequently 
seen following repeated or prolonged hyperabduction of the arms. The sites of compression are 
thought to be the point at which these neurovascular structures emerge from beneath the pectoralis 
minor tendon and the interval between the clavicle and the first rib. Five patients presenting the 
hyperabduction syndrome have been subjected to pectoralis minor tenotomy and anterior 
scalenotomy with a good result in four cases, indicating the potential value of the procedure in 


this particular shoulder girdle syndrome. 


N 1945 Wright! described a syndrome 
characterized by neurovascular symptoms 


in the upper extremities following re- 


peated and prolonged assumption of the posi- 
tion of hyperabduction. The postural attitude 
responsible for the symptoms was one in which 
the arms were brought together above the 
head with the elbows flexed. This position is 
frequently assumed in sleep but to lesser 
degrees is practiced in certain occupations such 
as grease pit mechanics and painters. With 
wider recognition of the syndrome it has been 
extended to include neurovascular symptoms 
resulting from lesser degrees of hyperabduction 
than that formerly described by Wright. The 
syndrome is to be differentiated from the allied 
causes of shoulder girdle symptoms such as the 
‘ervical rib, sealenus anticus and costoclavicu- 
ar syndromes. 

Wright! and Beyer and Wright? have de- 
cribed two potential sites of compression of the 
subclavian vessels and the brachial plexus in 
the hyperabduction syndrome. One site has 
een the point at which these neurovascular 
structures pass beneath the tendon of the 
vectoralis minor muscle and under the coracoid 
yrocess. The second site of compression is the 





From the Department of Surgery, New York 
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retroclavicular space between the clavicle and 
first rib which is diminished to a variable 
degree in hyperabduction. One of the authors 
(J. W. L., Jr.)* has previously reported upon 
experience with a “space making” operation in 
which a total resection of the clavicle is per- 
formed to prevent compression of the sub- 
clavian vessels and the brachial plexus between 
the clavicle and the first rib. 

More recently, we have been impressed with 
the role of the pectoralis minor tendon and its 
division in the alleviation of vascular com- 
pression during hyperabduction. The  sub- 
clavian artery and vein may be stretched and 
acutely angulated as they pass beneath the 
pectoralis minor tendon in the position of 
hyperabduction. With this factor in mind, a 
small group of cases with hyperabduction 
syndrome, refractory to conservative measures, 
have had section of the pectoralis minor 
tendon. At the same time, the anterior scalene 
muscle has been divided through a separate 
incision. The rationale for scalenotomy is 
found in the fact that this muscle with its at- 
tachment to the first rib serves to hold this rib 
in a relatively fixed position. By division of the 
scalene muscle it was felt that the rib might 
drop away from the clavicle thereby increasing 
the space between clavicle and first rib. An 
additional virtue of scalenotomy is the elimi- 
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nation of pressure on the subclavian vein by the 
subclavius muscle and clavicle anteriorly and 
the scalenus anticus muscle posteriorly. 


OPERATIVE PROCEDURE 


The patient is placed in the supine position on the 
operating table with a long, narrow sandbag in the 
interscapular region. The arm of the side to be 
operated is abducted to 90 degrees and placed on 
an armboard. Draping is then performed in such a 
manner that the arm may be moved freely during 
the course of the operative procedure, thereby 
enabling the operator to visualize the degree of 
compression of the axillary vessels and the brachial 
plexus by the tendon of the pectoralis minor. 

Anterior Scalenotomy. A three inch transverse 
incision is made one half inch above the medial end 
of the clavicle. The incision is extended through 
the platysma muscle. The clavicular attachment of 
the sternocleidomastoid muscle is divided if the 
muscle is bulky and cannot be adequately retracted. 
The scalenus anticus muscle is identified and the 
phrenic nerve mobilized from its anterior surface 
and retracted. The muscle is then divided approxi- 
mately 1 cm. from its attachment to the first rib. All 
bleeding points are ligated with fine silk or cotton 
ligatures. The operator introduces his finger into 
the interval between the clavicle and the first rib 
and evaluates the size of this space. The arm is then 
abducted to 180 degrees and also depressed down- 
ward and backward. The effect of these maneuvers 


PECTORALIS 


INCISION 


FIG.1 
Fic. 1. The pectoralis major muscle has been 
divided in the direction of its fibers. The operator’s 
finger is behind the tendon of the pectoralis minor 
muscle. Inset shows approximate position and direc- 
tion of skin incision for pectoralis minor tenotomy. 


AXILLARY ARTERY 
AND VEIN 
BRACHIAL PLEXUS 


PECTORALIS 
MAJOR 


FiIG.2 


Fig. 2. The tendon of the pectoralis minor muscle 
has been divided exposing the underlying axillary 
vessels and the cords of the brachial plexus. 


upon the vessels and brachial plexus is noted. It 
there is marked narrowing of the space between the 
clavicle and first rib associated with a clinically 
positive costoclavicular maneuver, then a_ total 
claviculectomy is performed with removal of the 
periosteum. If there is adequate room, then the 
clavicular head of the divided sternocleidomastoid 
muscle is repaired with interrupted sutures of fine 
silk or cotton. The platysma and skin are closed with 
nonabsorbable sutures. The wound is not drained. 

Pectoralis Minor Tenotomy. A three inch oblique 
incision is made just below the coracoid process. 
The incision is deepened to the pectoralis major 
muscle which is incised and split in the direction of 
its fibers. A tape is passed around the tendon of the 
pectoralis minor muscle at the point of its insertion 


180 degrees and the degree of stretching of axillary 
vessels and the brachial plexus under the pectoralis 
minor tendon noted. The tendon is then divided 
approximately one half inch from its point of 
insertion (figs. 1 and 2). The pectoralis major muscle 
and the skin are closed with interrupted non- 
absorbable sutures. No drain is used. 


Case REPORTS 


Case 1. N. H., a 50 year old white female, had 
noted the right arm to be larger than the left for 
many years. Two months prior to admission there 
had been an episode of ‘paralysis’ of the right arm 
which lasted for one week. During this time she was 
unable to write or perform other fine movements 
with the right hand. There had been a residual 
feeling of fullness in the right arm and intermittent 
tingling in the fingers of the right hand. She had also 
experienced pain in the right arm, shoulder and 
supraclavicular region. 

Physical examination revealed the right arm to be 
2 cm. greater circumferentially than the left arm. 
Three large veins were present on the inner aspect 
of the upper right arm and two prominent veins 
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Fig. 3. (Case 1, N. H.) Venogram illustrating 
celusion of the right subclavian vein. The cephalic 
ein enters below the point of obstruction. 


vere noted on the anterior right chest adjacent to 
he axilla. There were no prominent venous channels 
in the forearm. The brachial, radial and ulnar 
arteries were palpable. The right radial pulse was 
obliterated with hyperabduction of 135 to 180 
degrees. The scalenus anticus and costoclavicular 
maneuvers were negative. X-ray films of the cervical 
spine were negative. A venogram revealed obstruc- 
tion of the subclavian vein 2 cm. distal to the point 
of entry of the cephalic vein at the point where it 
passes under the subclavius muscle (fig. 3). 

Anterior scalenotomy and section of the pectoralis 
minor tendon were performed on Jan. 5, 1953. 
During division of the scalenus anticus muscle a 
number of collateral venous channels were observed 
in the retroclavicular region. In addition a small 
nodule was excised from the upper outer quadrant 
of the left breast. This specimen was reported as 
cystie disease of the breast. 

Immediately postoperatively the patient noted 
relief of pain in the arm and stated that “it felt 
quite different”. The postoperative course was un- 
‘complicated. When last seen on July 7, 1955 she had 
no complaints referable to the right arm and stated 
that she was able to use the extremity much better 
than preoperatively. Numbness and disability of 
the right hand had not recurred. The right arm 
‘emained 2 cm. larger than the left. The right radial 
yulse could not be obliterated with hyperabduction 
o 180 degrees. 


Case 2. G. C., a 26 year old white male, gave a 
iistory of sudden onset of pain and swelling in the 
ight arm and forearm while sweeping the floor 
wo and one half years prior to the present hospital 
idmission. The patient was hospitalized and under 
‘conservative treatment the pain and_ swelling 
subsided. Since this episode there had been recurrent 
ittacks of swelling associated with an aching sensa- 
ion in the arm and stiffness of the right hand. He 
vas unable to abduct his right arm beyond 90 


degrees because of diffuse pain. The patient reported 
that four years prior to the onset of the present 
illness he had had an infection of the right hand with 
complicating lymphangitis and lymphadenitis. How- 
ever, following treatment at that time he had noted 
no residual symptoms resulting from the infection 
and did not relate his present symptoms to the prior 
infection. 

Physical examination revealed prominent veins 
over the right upper arm and shoulder. The right 
arm and forearm were 1.5 and 0.75 cm. greater 
circumferentially than the left. All major arterial 
pulses were present in the right arm. Hyperabduction 
of the right arm resulted in obliteration of the radial 
pulse at 90 degrees. The scalenus anticus and costo- 
clavicular maneuvers were negative. X-ray films of 
the cervical spine were negative. The patient was felt 
to have a thrombosis of the subclavian vein associ- 
ated with the hyperabduction syndrome. 

On Jan. 14, 1954 anterior scalenotomy and section 
of the pectoralis minor tendon were performed. Im- 
mediately postoperatively patient stated that his 
arm felt better and the hand had lost its stiffness. At 
the time of discharge from the hospital the aching 
sensation in the arm had completely cleared. He 
has continued to do well during the 17 months that 
he has been followed. The right arm and forearm 
continue to remain slightly larger than the left, and 
he states that he has noted weakness in the right 
arm when working with this extremity abducted to 
more than 90 degrees. Oscillometric studies per- 
formed on June 5, 1955 are shown in table 1. 


Case 3. C.8., a 39 year old white female, was first 
seen in Aug., 1953. In May, 1953 she had noted 
redness and swelling of the right arm and a sensa- 
tion of tightness in the muscles of the arm ag- 
gravated by exercise. She consulted a surgeon who 
reported erythema of the right arm and a one inch 
increase in its circumference on comparison with 
the left arm. The veins of the right arm were more 
prominent than those of the left. The blood pressure 
was essentially the same in both upper extremities. 
X-ray films of the cervical spine did not reveal a 
cervical rib. A diagnosis of scalenus anticus syndrome 
had been made and a right anterior scalenotomy was 


TABLE 1.—Oscillometric readings obtained in right and 
left arms with varying degrees of abduction (case 2) 





Degrees Abduction| Right Arm Left Arm 


0 2.0/100 1.5/80 
90 2.5/120 2.75/80 
180 2.0/60 1.25/60 


The study was performed 5 months after right 
pectoralis minor tenotomy and anterior scalenotomy 
for the hyperabduction syndrome. Prior to operation 
the readings at 90 degrees and above were zero. 
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performed on July 31, 1953 without relief of symp- 
toms. 

When seen in August, the patient gave the 
additional history that when she combed her hair or 
abducted the right arm to 90 degrees or more in the 
performance of household duties, the arm became 
heavy and tired quickly. Abduction of the right arm 
to 90 degrees resulted in complete obliteration of the 
radial pulse. The scalenus anticus and costoclavicular 
maneuvers did not dampen the radial pulse. It was 
felt that the patient had a thrombosis of the sub- 
clavian vein and the hyperabduction syndrome. On 
Nov. 6, 1953 a division of the right pectoralis minor 
tendon was performed. Immediately postoperatively 
the right arm could be abducted to 180 degrees 
without dampening of the radial pulse. Examination 
one year following operation revealed that she had 
regained full use of the right arm. The heavy sensa- 
tion and the easy fatigability had completely 
cleared. The right arm remained approximately 1 
inch greater in diameter than the left, a residual of 
the subclavian vein thrombosis. A recent letter 
(July 21, 1955) stated that she had had no further 
trouble with the right arm. 


Case 4. J. S., a 47 year old white male, had noted 
pain in both shoulders which radiated down the 
inner aspects of the arms to the hands for the 
preceding six months. The symptoms had increased 
in intensity and were worse on the right. He noted a 
definite relationship between the symptoms and the 
assumption of certain positions, particularly that of 
hyperabduction which he frequently assumed while 
sleeping. He was also known to have a moderate 
hypertension (170/110) for the preceding six months. 

Physical examination was essentially negative 
except for a blood pressure of 168/100. The clavicles 
were prominent and markedly angulated in the 
anteroposterior plane in their middle thirds. The 
radial pulses were present bilaterally as were the 
other major pulses of the upper extremities. Abduc- 
duction of the arms resulted in obliteration of the 
pulses at 135 degrees. Depression of the shoulders 
downwards and backwards (costoclavicular maneu- 
ver) resulted in complete obliteration of both radial 
pulses. The scalenus anticus maneuver was negative 
bilaterally. X-ray films of the cervical spine did not 
reveal a cervical rib on either side. Because of the 
more marked symptoms on the right side, it was 
decided to operate upon this side first and delay 
surgery on the left until a later date. 

On Dee. 22, 1953 a right scalenotomy and division 
of the pectoralis minor tendon was performed. 
There was no thrombosis of the major artery or vein 
and the interval between clavicle and first rib 
appeared adequate. Postoperatively the right arm 
could be abducted to 180 degrees without dampening 
of the radial pulse. However, downward and back- 
ward depression of the shoulders continued to pro- 
duce obliteration of the radial pulse. The post- 


operative course was unremarkable, but at the time 
of discharge from the hospital his symptoms were 
unimproved. 

A report dated June 6, 1955 stated that the 
patient’s symptoms persisted.4 On Aug. 6, 1954 a 
right subtotal claviculectomy and excision of the 
subclavius muscle was performed by Dr. A. W. 
Hartman of San Antonio, Texas. The symptoms 
were relieved in the right arm and hand although 
he continued to complain of pain in the region of 
the lateral remnant of the right clavicle. On Jan. 28, 
1955 a left total claviculectomy, excision of the sub- 
clavius muscle and anterior scalenotomy were per- 
formed by Dr. Hartman. The right clavicular 
remnant was also excised. Following these procedures 
it has been impossible to obliterate the radial pulse. 
However, he has continued to experience pain in 
both shoulders. 


Case 5. A. 8., a 44 year old white female, was first 
seen on Oct. 1, 1953 complaining of intermittent 
cyanosis, coldness and easy fatigability of the left 
hand. The patient stated that in February of 1953, 
six days following the spontaneous delivery of a full 
term stillborn infant, she had developed sudden 
pain, coldness and bluish discoloration of the left 
hand. The patient was treated with three stellate 
ganglion blocks at another hospital and the dis- 
ability improved over a four month period. However, 
no further improvement had been noted in the 
following five months and the symptoms now 
occurred at frequent intervals. Physical examination 
revealed atrophy and weakness of the musculature 
of the left hand and slight cyanosis of the skin and 
nailbeds. Axillary, brachial, radial and ulnar 
pulsations were absent. The blood pressure taken on 
the right arm was 122/74 and unobtainable on the 
left. Oscillometric studies showed a deflection of 0.5 
unit at the left wrist at 100 mm. Hg in contrast to 
a deflection of 2.5 units at the right wrist at an 
equivalent cuff pressure.,,The Landis test was 
interpreted as showing a marked element of vaso- 
spasm in both upper extremities. 

On Nov. 19, 1953 the left axillary vessels were 
explored through a supra- and_ infraclavicular 
incision. The subclavian and axillary arteries were 
thrombosed from the medial aspect of the scalenus 
anticus muscle proximally to the mid-axilla distally. 
In view of the long segment of thrombosed artery 
(approximately 15 em.) and the presence of feeble 
pulsations in the distal axillary artery, it was felt 
that resection of this thrombosed segment with graft 
replacement was not advisable. Section of the 
pectoralis minor tendon and anterior scalenotomy 
were performed to obviate additional trauma to the 
artery by these structures and to relieve as far as 
possible structural interference with the collateral 
arterial circulation. 

The patient has been followed-up for 20 months 
and has noted progressive improvement in the left 
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rm and hand. She still notices fatigue in the hand 
nd forearm but only after prolonged use. The hands 
re equal in temperature and a faint radial pulse is 
yalpable on the left. Oscillometric studies on July 21, 
955 revealed a deflection of 2.0 units in the right 
vrist and 0.5 units in the left wrist. 


Discussion 

The results of section of the pectoralis minor 
and anterior scalenotomy in this small series 
were good in four cases and a failure in one. 
Of the successful cases (cases 1, 2, 3 and 5), 
three presented a thrombosis of the subclavian 
or axillary veins. Although the symptoms may 
conceivably have resulted from venous throm- 
bosis, the prompt relief and subsequent freedom 
from the preoperative symptoms indicate that 
the disability probably resulted from inter- 
mittent compression of the subclavian and 
axillary arteries. These patients (cases 1, 2 and 
3) still present a slightly swollen arm, but this 
has resulted in no incapacitation. 

The failure in case 4 was felt to result from 
selection of the incorrect operative procedure. 
Whereas the former cases represented the pure 
hyperabduction state, case 4 was a mixed 
syndrome exhibiting the costoclavicular as well 
as the hyperabduction syndrome. The former 
syndrome, originally described by Falconer 
and Weddell’ is characterized by an extremely 
narrow interval between the clavicle and the 
first rib. Relief of subclavian vessel and 
brachial plexus compression in this condition 
requires the removal of the clavicle or the 
first rib. It is apparent as a result of the per- 
sistent symptoms and the presence of a positive 
test for the costoclavicular maneuver that the 
latter syndrome represented the major dif- 
ficulty in this case, and the follow-up data con- 
firms this view. This case has also resulted in 
the placement of a long, narrow sandbag in the 
interscapular region when the patient is placed 
on the operating table. The sandbag causes the 
shoulders to fall down and back so that the 
operator may better evaluate the size of the 
interval between clavicle and first rib. 

The failure in case 4 further illustrates the 
importance of accurate preoperative diagnosis 
if the correct operation is to be performed. 
Shoulder girdle symptoms resulting from a 
‘ervical rib, a hypertrophic scalenus anticus 


muscle or a narrowed interval between clavicle 
and first rib must be differentiated from the 
true hyperabduction state. Frequently, a 
combination of two or more of these syndromes 
is encountered. Beyer and Wright have re- 
viewed the diagnostic possibilities and their 
differentiation. 

We have not encountered reports of com- 
bined pectoralis minor tenotomy and anterior 
scalenotomy for the hyperabduction syndrome 
in the literature. Dr. Frederick W. Cooper, Jr., 
of Atlanta, has informed us that he has 
sectioned the pectoralis minor tendon in three 
individuals with the hyperabduction syndrome 
and that the results have been excellent in each 
vase. He is of the opinion that scalenotomy 
is not necessary unless a concurrent scalenus 
anticus syndrome is present. 


SUMMARY AND CONCLUSIONS 


Neurovascular symptoms, secondary to 
intermittent compression of the subclavian and 
axillary vessels and the lowermost cord of the 
brachial plexus, are sometimes seen following 
repeated or prolonged hyperabduction of the 
arms. The primary site of neurovascular 
compression is thought to be the point at which 
the vessels and nerves emerge from beneath 
the pectoralis minor tendon. A secondary site 
of compression is the interval between the 
clavicle and the first rib. Five patients pre- 
senting the hyperabduction syndrome have 
been subjected to pectoralis minor tenotomy 
and anterior scalenotomy with gratifying 
results in four. It is felt that failure in one case 
may be attributed to the fact that the patient 
presented a combined hyperabduction-costo- 
clavicular syndrome and a primary claviculec- 
tomy would have been a more satisfactory 
procedure. The good results in the patients 
with the pure hyperabduction syndrome sug- 
gest that the procedure may be of value in the 
operative treatment of this particular shoulder 
girdle syndrome. 


SUMMARIO IN INTERLINGUA 


Symptomas neurovascular, secundari a 
compression intermittente del vasos subclavie 
e axillar e del infime chorda del plexo bra- 
chial, occurre a vices post repetite o prolongate 
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hyperabduction del bracios. Nos opina que le 
sito primari del compression neurovascular es 
le puncto in que le vasos e nervos emerge ab 
infra le tendine del pectoral minor. Un sito 
secundari del compression es le intervallo inter 
le claviculo e le prime costa. 

Cinque patientes exhibiente le syndrome de 
hyperabduction esseva subjicite a tenotomia 
del pectoral minor e a scaleniotomia anterior. 
Le resultatos esseva gratificante in quatro 
casos. Nos crede que le disfallimento in le 
ultime caso es attribuibile al facto que le 
patiente presentava un combinate syndrome 
hyperabductioso-costoclavicular de maniera 
que claviculectomia primari haberea_essite 
un procedimento plus satisfactori. Le bon 
resultatos in le patientes con le pur syndrome 


de hyperabduction supporta le suggestion que 


le technica es possiblemente de valor in le 
tractamento operative de iste specific syn- 
drome del cinctura scapular. 
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Total Anomalous Pulmonary Return 


An Analysis of Thirty Cases 


By Vincent L. Gort, M.D., Ricnarp G. Lester, M.D., C. Watton LiLLener, M.D. 
AND RicHarpD L. Varco, M.D. 


Thirty cases of total anomalous pulmonary return have been collected and analyzed. The path- 
ways of drainage and their embryologic development are discussed. The cardiac catheterization, 
electrocardiographic and radiologic findings are also presented. These laboratory data accompanied 
by the clinical findings seem to identify a recognizable diagnostic picture for this malformation. 
Finally, our attempts at surgical correction of this defect are briefly enumerated. 


LTHOUGH anomalous pulmonary re- 
turn has usually been considered quite 
an uncommon defect in the past, this 

may be an inaccurate impression. The mis- 
conception probably stems in part from the 
casual attention it has aroused among surgeons 
treating cardiovascular malformations. 
Winslow is credited with describing the first 
case in 1739.1 The anomalous drainage in 
Winslow’s case was reported to be only partial 
and it was not until 1868 that total anomalous 
pulmonary return was described by Fried- 
lowsky.! In 1942, Brody! was able to collect 
from the literature only 102 cases of anomalous 
pulmonary drainage. Sixty-five of these were 
partial anomalous returns and 37 were total. 
Since Brody’s collection of 37 cases, we have 
found only 49 additional cases reported in the 


9 


literature.-> The majority of these authors 
have reported one or two cases. Keith®, how- 
ever, collected 14 personal cases, and of these 
13 were verified at postmortem examination. 
The drainage of a single pulmonary vein or 
the veins from one lung into the right side of 
the heart has been reported more frequently 
in the past few years. It is an entity that is 
less likely to create serious clinical distress. 
In our experience, its association with an atrial 
septal defect has been frequent. This paper will 
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discuss only the less common but more critical 
problem of total anomalous return. We present 
here 30 cases from the University of Minnesota 
Hospitals (fig. 1). Three of these cases were 
discussed previously by Levin®, these cases 
having a drainage through a “persistent left 
superior vena cava”’ or left vertical vein. 
Twenty-six of the 30 patients have had 
proved diagnoses of total anomalous pulmonary 
venous return, 23 at autopsy and 3 at surgery. 
In four additional cases the diagnosis was made 
after a thorough clinical evaluation. Thirteen 
of the autopsied cases had only an associated 
patent foramen ovale. An additional four had 
also a patent ductus arteriosus, and six had 
other kinds of associated major cardiac defects. 


— _ Living 


Without 
Operation 
4 


with / 
Operation 
~*~ 


Operations 
3 


| With Associated 
Major Cardiac 
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i 17 


——. Autopsied —— 
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Fig. 1. Analysis of 30 cases of total anomalous 
pulmonary return. 
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TOTAL ANOMALOUS PULMONARY RETURN 


TABLE 1.—Pathology in Six Cases with Associated Major Cardiac Defects of the Heart 


Sex Age Drainage Pathology 


M 25 days | I.V.C. Very large interatrial defect making heart practically three cham 
bered. This patient’s brother died at 3 months with total anomalous 
pulmonary return 

5 wks | Anterior Cor biloculare. Dextrocardia. Patient had persistent anterior car- 
cardinal dinals and right and left pulmonary veins entering into respective 
veins cardinals 

3 days | R.A. Left atrium is small piece of tissue without lumen. All pulmonary 

veins entering large right atrium. Single vessel leads from ventricle 
supplying lungs and neck 

3 mo. | R.A. Absence of left atrium and left ventricle. Pulmonary veins enter 

right atrium. Aorta leaves right ventricle 

7 wks | L.S.V.C. Dextrocardia. Pulmonary artery fibrotic at right ventricle. Inter- 

ventricular defect with aorta over riding. All pulmonary veins into 
L.S8.V.C. 
Abd. vis- Pulmonary artery fibrotic at ventricle. Common ventricle. Large in- 
cera teratrial defect. Pulmonary veins empty into anomalous vessel that 
passes through diaphragm and terminates in pancreas and mesen 
teric veins 





(See table 1.) In this group there were 17 routes of drainage have been noted in the great 
males and 13 females. majority of cases; however other channels have 
As shown in figure 2, most of the patients been recorded rarely. Our series includes 
did not survive the first three months of life. examples of most of these unusual drainage 
However, all seven of those now living are past ways. It does not, however, include a case with 
infancy and one is a 33 year old woman, the drainage into the ductus venosus, of which 
mother of two children. We believe this is next three have been reported previously. An 
to the oldest surviving patient recorded in the approximation of this tract, however, was 
literature. found in one patient in whom the pulmonary 
veins emptied into the portal system (fig. 4). 
Two pathways of drainage in this series of 
The pathways of anomalous drainage in 26 cases have not previously been recorded in the 
proven cases are depicted in figure 3. The literature. In M. 8. the pulmonary veins from 
relative frequency of the various drainage sites both lungs joined to form an anomalous 
corresponds closely to that described in those channel that coursed caudad, penetrated the 
accumulated cases from the literature. Drain- diaphragm and then subdivided into many 
age via a “persistent left superior vena cava” small branches, terminating in and anas- 
is the most frequent pathway, the other two tamosing with the veins of the pancreas and 
common sites being into the coronary sinus mesenteric plexus. This patient also had the 
and directly into the right atrium. These multiple associated defects of situs inversus 
. with dextrocardia, common ventricle, a large 
# Bl Asrooves coves wnout osociated major cord a: detects atrial septal defect and an atretic origin of the 
- - pulmonary artery. Despite the multiplicity of 
malformations this patient lived seven months. 
The second (R. G.) had drainage of the right 
and left pulmonary veins into the corresponding 
persistent anterior cardinal veins. This patient 

also had dextrocardia and cor biloculare. 
In all the cases without associated major 
te cardiac defects at autopsy, the right side of the 
heart was hypertrophied and the left side 


PATHOLOGY 
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of the pulmonary veins could not be accurately located. 


Fic. 3. Drainage of 26 cases demonstrated at 
iutopsy or at surgery. 


atrophic. This may be of considerable im- 
portance in its surgical implications. On the 
venous side of the pulmonary circuit the 
dynamics of the lung require a low resistance 
flow system, or at least that there be no abrupt 
change in these values. Keith® stated that in 
his 13 autopsied patients the right atrium was 
5 to 10 times the size of the left atrium, the 
right ventricle 3 to 5 times the size of the left 
ventricle, and the mitral valve was much 
smaller than the tricuspid valve. 

Keith also pointed out, and this has been 
‘erified by our measurements, that the cir- 
‘umference of the anomalous pulmonary vessel 
s usually larger than the waist of the atrial 
uppendage. 

With complete drainage of the pulmonary 
ind systemic veins into the right atrium, a 
‘ight to left shunt is necessary for life. Before 
rth, both the ductus arteriosus and foramen 
wale perform this function. After delivery, in 
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Fic. 4. Anatomic arrangement in a case with 
drainage of the pulmonary veins into the portal vein. 


the majority of cases, the patent foramen ovale 
or a larger atrial septal defect is the sole avenue 
for partial left-sided venous filling. As noted 
previously, in all 17 autopsied cases without 
major associated defects the foramen ovale was 
open to varying degrees. 


EMBRYOLOGY 


The lung develops as an outpouching from 
the ventral wall of the foregut, and the venous 
plexus covering the lung bud is thought to be 
part of the splanchnic plexus covering the 
foregut. Some authorities’:* feel that the 
pulmonary venous plexus is gathered together 
into a common pulmonary vein which courses 
ventrally to tap the sinus venosus of the 
primitive heart. A recent and more strongly 
advocated theory*" visualizes the pulmonary 
vein arising as an outpouching from the dorsal 
wall of the sinus venosus. This stem in turn 
communicates with the pulmonary venous 
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plexus. The opening of the pulmonary stem is 
initially in the center of the sinus venosus but 
with the formation of the septum the com- 
munication shifts to the left. The common 
pulmonary vessel is absorbed by the atrial wall 
so that its four subdivisions eventually enter 
the heart separately. 

In the embryo the splanchnic plexus of the 
foregut communicates with all of the surround- 
ing systemic and visceral veins (fig. 5). Thus 
at one stage in the normal development of the 
embryo there are communications between the 
venous plexus of the lung bud and the pre- and 
postcardinals, which eventually form the 
superior vena cava, innominate veins, azygos 
vein and coronary sinus. There are also 
communicating venous channels with the 
umbilical and vitelline veins which are the 
primordia for the portal vein, ductus venosus 
and inferior vena cava. Thus if there is a failure 
of connection between the pulmonary stem 
from the heart and the pulmonary plexus, other 
venous channels may persist to create this 
abnormality of total anomalous pulmonary 
return. 

Theoretically, when the pulmonary veins 
enter directly into the right atrium, there has 
been a failure of the common pulmonary vein 
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Fic. 5. Normal communications (in black) be- 
tween plexus of lung bud and surrounding veins in 
the embrvo heart. 
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to be displaced to the left at the time of the 
development of the interatrial septum. 

The most frequently encountered route of 
drainage in total anomalous pulmonary return 
is via the “‘persistent left superior vena cava.” 
The use of this terminology has created some 
confusion in the literature because the vessel so 
named is not a persistent left superior vena 
cava or left anterior cardinal vein in the 
truest sense.” Embryologically the anterior 
cardinals join with the posterior cardinals to 
form the common cardinals or duct of Cuvier. 
The common cardinals in turn empty into the 
lateral recesses of the sinus venosus (fig. 5). 
On the right the anterior and common cardinal 
form the superior vena cava and its immediate 
tributaries. However, on the left the anterior 
and common cardinals regress leaving a 
proximal vestige as the coronary sinus (fig. 6). 
A truly persistent left superior vena cava 
communicates proximally with the coronary 
sinus and distally with the left innominate vein. 
Of the cases cited in the literature as having 
drainage via the left superior vena cava, none 
appear to drain in this fashion. The drainage is 
consistently cephalad into the left innominate 
vein and thence into the superior vena cava. 
In this paper, however, we shall use the term 
“Hersistent left superior vena cava” in order 
to be consistent with the previous literature. 


CLINICAL FINDINGS 


A history of cyanosis of a mild degree was 
present in most of our patients who at autopsy 
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were without associated major cardiac defects. 
The terminal patients had moderate to marked 
cyanosis. The systemic arterial saturation 
ranged from 69 to 93 per cent in those so tested. 
Although some degree of arterial desaturation 
is present by necessity in nearly every patient 
with total anomalous pulmonary return, in 
some cases clinical cyanosis may not be evident 
until late in the patient’s life span. For this 
reason we agree with Edwards,’ who feels 
that this malformation should be placed in the 
cyanotic group. Those, however, with partial 
anomalous return also have the potential for 
cyanosis. Most of them have a defect in the 
atrial septum, and may eventually develop 
pulmonary hypertension which, in turn, tends 
to induce a right to left shunt. 

Fourteen of the 17 autopsied cases without 
associated defects exhibited during life a 
systolic murmur in the second or third left 
interspace. In three patients no murmur was 
recorded. The susurrations heard were at- 
tributed to the flow through the atrial septal 
defect during atrial systole with the additional 
possibility of a component due to turbulence in 
the pulmonary artery being induced by the 
increased minute flow. 


Carpiac CATHETERIZATION 


Thirteen individuals underwent cardiac 
catheterization. Four of these patients are 
living and it is presumed from the data that 
their major defect is total anomalous pulmo- 
nary return. The remaining nine patients had 
this diagnosis confirmed at the time of surgery 
or autopsy. The data are presented in table 2. 
A striking feature is the high oxygen saturation 
of the right atrial blood. In every instance 
except one it was equal to or higher than the 
oxygen saturation of the systemic arterial 
blood. These findings are unlikely to appear in 
any other congenital heart condition save for 
the example in which the catheter tip is placed 
immediately adjacent to an atrial defect." This 
group exhibited some pressure increase in the 
right ventricle and in the pulmonary artery. 

Two of the patients had on catheterization 
some evidence of pulmonary outflow tract 
obstruction. One of these (H. 8.) is living with- 
out an operation. The other (R. F.) was 


successfully operated on. It is of interest that 
these two persons with pulmonary stenosis are 
the oldest individuals in the series, 16 years of 
age and 33 years old, respectively. Apparently 
the dampening effect on the greatly increased 
pulmonary flow by the stenotic pulmonary 
valve was of some value in retarding the onset 
of damaging pulmonary vascular changes. 


{LECTROCARDIOGRAM 


Twelve of the 17 patients without associated 
intracardiac defects had right axis deviation 
and seven demonstrated right ventricular 
hypertrophy. A high incidence of right bundle 
branch block has been reported with this 
defect.2: '> However, we found only one case 
that showed such a tracing. 


RapIoLoGic EXAMINATION 


Of the 20 cases proven at autopsy or at 
surgery, without other significant cardiac 
defects, all but two underwent a conventional 
x-ray examination, including multiple films 
and fluoroscopy. Six patients were also ex- 
amined by angiocardiography. 

Several authors’: * have referred to the 
“figure of eight”’ appearance (fig. 7) formed by 
engorged “left”? and right superior vena cava 
above, and the bulk of the heart below. This 


Fic. 7. Total anomalous return through ‘‘per- 
sistent left superior vena cava’’ demonstrating 
‘figure of eight’’ configuration. 
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Fic. 8. Demonstration of ‘“‘box-like’’ shape. 


has come to be accepted as typical of this 
malformation. It should, however, be kept 
clearly in mind that this roentgen appearance 
is seen only in those cases in which the anoma- 
lous pulmonary vessels empty into a ‘“‘persistent 
left superior vena cava.’’ Unfortunately, not 
all of the patients even with this anatomic 
derangement will show this diagnostic form 
on the plain posteroanterior roentgenogram. 
In this group of 20 only three demonstrate well 
the ‘figure of eight”’. These have been reported 
previously by Levin and Borden.* This 
diagnosable group represents but half of the 
total number of persons with “persistent left 
superior vena cava.” 

All of the cases reviewed, with the exception 
of one who died at the age of 10 days, had a 
mild to marked increase in the pulmonary 
vascularity. In all the patients who survived 
three or more months, this was present to a 
marked degree. 

Twelve of the 18 patients showed what we 
believe is a characteristic shape of the heart as 
viewed in the posteroanterior position. This 
typically, is a box-like appearance with an 
almost horizontal take off of the left border of 
the heart below the aortic arch. It should be in 
issociation with the increased vascularity just 
nentioned (figs. 8 and 9). This profile results 
rom massive enlargement of the right atrium 


and ventricle, with the latter structure 
probably forming most of the upper left border 
of the heart. There is no left atrial enlargement. 

While this appearance has not been empha- 
sized in the literature it is not an original 
observation. Taussig’s monograph’ demon- 
strates a case showing this feature. Snellen! 
refers to a similar contour. In Keith’s article® 
there are several tracings of roentgenograms 
which also depict this outline in some of the 
cases. 

A review of the earliest angiocardiograms 
made on the first patients to undergo this pro- 
cedure failed to reveal much of diagnostic aid. 
There was diffusion of the opaque medium 
within the heart after entry from the vena cava 
and, in one case, evidence of recirculation 
through the right side of the heart. We believe 
these examinations were probably inadequate 
technically. 

Angiograms secured in a later series of three 
cases, however, show an appearance that we 
feel is typical for this disorder. These patients 
were all examined in the right posterior oblique 
projection. In two cases 70 per cent Diodrast 
and in one 70 per cent Urokon (1.2 to 1.5 ml. 
per Kg. of body weight) was injected as 
rapidly as possible, manually. One patient was 
studied with the apparatus described by Rigler 


Fig. 9. Another patient demonstrating ‘‘box- 
like’’ shape. 
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Fig. 10. A and B. Angiocardiogram demonstrating large right atrium, right to left shunt into small 
left atrium, followed by simultaneous opacification of a large pulmonary artery from the right ven- 


tricle and a small aorta from the left ventricle. 


Fic. 11. A and B. Angiocardiogram demonstrating findings similar to figure 10. 


and Watson” and the other two, with the 
Fairchild camera equipment. 

In all, immediately following the opacifica- 
tion of a very large right atrium, one saw filling 


of the left atrium, and this cavity was quite 
small. Following this there was simultaneous 
opacification of the pulmonary artery, which 
was abnormally large, and of the aorta, which 
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was proportionately hypoplastic. The latter 
structure clearly filled from the left side of the 
heart and was seen with great clarity despite 
its small size. It filled well before it could have 
lone so by circulation of the opaque material 
through the pulmonary circuit (figs. 10A and 
B, and 11A and B). 

Yet another angiocardiographic sign is the 
dilution of the opaque material by the jet of 
nonopacified pulmonary venous blood entering 
the superior or inferior vena cava. 

We feel, then, that there are several signifi- 
cant roentgen signs that can be perceived in 
this disorder. The so-called ‘figure of eight”’ 
appearance is probably pathognomonic of 
anomalous pulmonary drainage through ‘‘s 
persistent left superior vena cava” although 
some cases with this anomaly do not show the 
characteristic roentgen picture. The “box-like” 
shape of the heart, in association with in- 
creased pulmonary vascularity, while not an 
absolutely diagnostic sign, is highly suggestive 
of the anomaly in some of its forms. The angio- 
cardiographic appearance described above ap- 
pears to be typical of the disorder when evident. 


DISCUSSION 


Total anomalous pulmonary venous return is 
a congenital malformation of serious signifi- 
cance that can be diagnosed during life if 
complete cardiac studies are available. The 
clinical picture of minimal cyanosis, a systolic 
murmur along the left sternal border and right 
axis deviation in the electrocardiogram should 
be suggestive clues. The x-ray findings are 
extremely helpful. The diagnosis is cor- 
roborated if the right atrial oxygen saturation 
equals or is higher than the peripheral arterial 
oxygen saturation. 

Despite the potential curability of many 
of these lesions, surgery has been performed 
only rarely. There are 10 recorded attempts 
with two successful results in the litera- 
ture.” 4, 16, 18, 19, 20 Six of our patients were sub- 
mitted to surgery and three of these survived 
corrective procedures. It is planned to devote 
nother paper to a more detailed account of the 
surgical management of this defect and also to 
liscuss our suggestions for future surgical 
ipproaches. 


A brief note on the operative material 
follows: 


(1) R. F., a woman of 33, with a superior vena 
‘ava drainage had a successful anastomosis of the 
base of the left atrium to the side of the anomalous 
pulmonary vessel. 

(2) D.H., a boy of 3 with a drainage into the right 
atrium, had a successful anastomosis of (1) the side 
of the left atrium to the side of the vein draining the 
left lung and (2) the tip of the left atrium to the 
rardiac end of the divided vein from the apical 
posterior segment of the left upper lobe. 

(3) R. K., a 4 year old boy, survived a reposi- 
tioning of the anterior portion of the atrial septum. 
It was moved to the right of the four pulmonary 
veins formerly entering directly into the right 
atrium. This is believed to be the first successful, 
completely corrective procedure performed for total 
anomalous pulmonary return.* 

(4) M. M., a 3 month old boy with a “persistent 
left superior vena cava,’ died a few hours following a 
side-to-side anastomosis between the left atrium and 
the anomalous vessel. 

(5) N. M., a 2 year old girl, died during an intra- 
cardiac procedure utilizing the atrial well. The 
drainage was thought to be into the right atrium but 
was actually into the coronary sinus. 

(6) M. H., a3 month old girl with coronary sinus 
drainage, died in the recovery room following a 
side-to-side anastomosis of the coronary sinus to the 
left atrium. 


Currently we believe that the adoption of 
technics for totally bypassing the heart and 
lungs during the interval of surgical correction 
may improve the outlook of patients with this 
malformation. 


SUMMARY 


1. Thirty cases of total anomalous pulmo- 
nary return are presented. Of these, 23 have 
been verified at autopsy, 3 at surgery and 4 
additional cases are presumed to have this 
defect, after thorough clinical evaluation. 

2. The anomalous pulmonary vessels may 
drain into any one of several systemic or 
viscera! veins, but the most common drainage 
pathways are into a “persistent left superior 
vena cava,” the coronary sinus or right 
atrium. 

3. Patients with this defect show a mild 


* This operation was performed by F. John Lewis 
and one of us (R. V.). We wish to thank Doctor Lewis 
for the privilege of mentioning this case. 
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cyanosis and a left sternal border, non- 
diagnostic, systolic murmur. 

4. X-ray study may demonstrate the 
“figure of eight” or ‘box-like’ shape with 
increased pulmonary vascularity; angiocardio- 
grams may reveal a typical pattern of events. 

5. The diagnosis is conclusive, if the right 
atrial oxygen saturation is equal to or higher 
than the peripheral arterial saturation. 

6. Three of six patients submitted to 
surgery survived partial or totally corrective 
procedures. 

ADDENDUM 


One infant, age 16 weeks and weighing 3.1 Kg., 
with total anomalous pulmonary venous drainage 
into the coronary sinus has undergone successful 
curative surgery utilizing the artificial oxygenator 
previously described from this clinic. A period of 
total cardiopulmonary bypass, lasting seventeen and 
one-half minutes, allowed the orifice of the coronary 
sinus to be anastomosed to the edges of the atrial 
septal defect from within the open right atrium. 


SUMMARIO IN INTERLINGUA 


‘ 


1. Es presentate 30 casos de anormal 
retorno pulmonary total. De iste casos, 23 
esseva verificate autopticamente e 3 chirurgica- 


mente. In le remanente 4 casos le presentia del 
mentionate defecto es presumite super le base 
de caute evalutationes clinic. 

2. Le anormal vaso pulmonary pote dis- 
cargar se in un 0 altere de plure venas systemic 
o visceral, sed le plus commun vias de discarga 
es a in un “persistente vena cave sinistro- 
superior,” le sinus coronari, 0 le atrium dextere. 

3. Patientes con iste defecto exhibi leve 
grados de cyanosis e un non-diagnostic mur- 
mure systolic al margine sinistro-sternal. 

4. Studios roentgenographic pote demon- 
strar un configuration simile al numero ‘8’ 0 a 
un cassa con augmento de _ vascularitate 
pulmonar. Le angiocardiogramma pote revelar 
un configuration typic. 

5. Le diagnose es conclusive si le saturation 
oxygenic del atrio dextere es equal o superior 
al saturation oxygenic del arterias peripheric. 

6. Chirurgia correctional partial o total 
esseva interprendite in 6 casos. Tres de iste 
patientes superviveva. 
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Observations on Angina Pectoris during 
Drug Treatment of Hypertension 


By Wauter E. Jupson, M.D., Witt1am Houuanper, M.D. anp Rospert W. Witkins, M.D. 


Antihypertensive drug treatment is capable of aggravating angina pectoris in hypertensive patients 
with coronary artery disease. The complication appears to be due to different hemodynamic 
mechanisms. Angina pectoris caused by hydralazine may result not only from a reduction in aortic 
perfusion pressure but also from increases in cardiac output and pulse rate which the drug pro- 
duces. Coronary insufficiency, after the administration of hexamethonium, is usually associated 
with severe hypotension and results primarily from a reduction in aortic perfusion pressure. Hexa- 
methonium was not found to prevent the anginal effects of hydralazine. Intravenous hydralazine is 
a sensitive test for coronary insufficiency but is not without untoward reactions. 


N recent years several potent blood-pres- 
sure-lowering drugs have become avail- 
able for the treatment of arterial hyper- 

tension. Although extensive clinical trials with 
these hypotensive agents have proven their 
therapeutic effectiveness in reducing the level 
of blood pressure in certain hypertensive pa- 
tients, some of them may produce adverse 
cardiovascular effects. In a long-term, careful 
study of a group of hypertensive patients, the 
oral administration of hydralazine (Apresoline) 
or ganglionic blocking agents (hexamethonium, 
pentolinium) was found occasionally to precipi- 
tate an attack of angina pectoris. In addition, 
an increased incidence of anginal complaints 
was observed during continuous chronic oral 
hydralazine therapy. The present study was 
undertaken, therefore, to determine the mech- 
anisms by which such hypotensive agents might 
induce coronary insufficiency.! 


PATIENTS AND METHODS 


Seventeen patients, 7 males and 10 females, 
ranging in age from 40 to 65 years, with hyper- 
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tensive cardiovascular disease and/or coronary ar- 
tery disease were selected for the study. Regardless 
of the degree of abnormality of the resting electro- 
cardiogram, all the patients were submitted to a 
modified ‘‘two-step” exercise tolerance test, which, 
in the absence of severe dyspnea or production of 
angina, required the arbitrary performance of 40 
steps within three minutes. Of the 17 patients in 
the study, 11 had definitely abnormal electrocardio- 
grams at rest. During the performance of the exer- 
cise tolerance test, 16 patients developed an ab- 
normal pattern or further abnormalities of the 
electrocardiogram. In this group, only 13 patients 
complained simultaneously of anginal pain. 

After 24 hours or more had elapsed, the patients 
were again studied before and after the administra- 
tion of various hypotensive agents. An indwelling 
arterial needle was maintained in the brachial ar- 
tery so that the arterial pressure could be measured 
continuously by a Sanborn electromanometer. 
Standard limb leads, I, II and III, and a single, 
unipolar precordial lead V4, were recorded simulta- 
neously with the arterial pressure, using a direct- 
writing Sanborn Poly-Viso. After the control 
measurements of blood pressure, pulse rate, and 
resting electrocardiogram had been obtained, hy- 
dralazine, hexamethonium or both, were given, 
usually intravenously. Simultaneous blood pressure 
measurements and serial electrocardiograms were 
recorded continuously after the administration of 
the drug for a period up to two hours. 


RESULTS 


Table 1 summarizes the effects of intravenous 
hydralazine. All 17 patients experienced chest 
pain, which, though not unlike their typical 
attacks of angina pectoris, was usually more 
severe and of longer duration. The pain began 
5 to 18 minutes (average 12 minutes) after 
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JUDSON, HOLLANDER AND WILKINS 


TABLE 


—The Effects of Apresoline in Patients with Angina Pectoris Pretreated with Heramethonium 


| Pulse 

Rate en 
Pressure, | an ECG 
mm. He heats/ 


Patients, Blood 


Cardiac 
> “go * 
Age, Sex Procedure 


‘ Index 
Comments (Fick), 
min. | L./min./M? 


| b.VE. 
No change 
| S-T depressed 2-3 mm. 
in I, II, and V, 





Control 
C, (50 mg.) 


230/140 | 78 
180/110 | 82 


Dryness of mouth 
110/60 84 


Apresoline (50 mg.) Pressing submanubrial 


and severity. 


zh 


* Patients who hac 


250/150 | 72 
160/110 | 76 
130/80 76 


A. A., 41, Control 
M C, (50 mg.) 
Apresoline* (20 mg.) 


Control 
Cy, (25 mg.) 


240/130 
180/100 
Apresoline (20 mg.) 130/80 


, 41, Control 
C, (6 mg.) 


220/120 
160/100 


Apresoline (20 mg.) 120/75 


* Intravenous Apresoline was given 8 to 29 minutes following pretreatment with hexamethonium. 


exhibition of the drug and lasted 15 to 120 
minutes (average 37 minutes). The administra- 
tion of nitroglycerin or the inhalation of 100 per 
cent oxygen frequently failed to relieve the 
pain. 

During the episode of chest pain the electro- 
cardiogram showed noticeable changes in the 
T waves and depressions of the S-T segments. 
These electrocardiographic abnormalities were 
similar to those observed during an attack of 
angina induced by exercise. However, in con- 
trast to intravenous hydralazine, exercise failed 
to produce angina pecioris in 4 of the 17 
patients and to produce electrocardiographic 
changes in one of them. 

The chest pain and_ electrocardiographic 
changes after intravenous hydralazine were 
usually associated with a reduction in the blood 
pressure and an increase in the heart rate. The 
iverage decrease in the systolic pressure was 
27 mm. Hg and in the diastolic pressure, 18 mm. 
Hg, whereas the average increase in the pulse 
rate was 19 beats per minute. However, there 


S-T depressed 1-4 mm. 
in I, II, Vs 


L.V.H. ~- 

No change 

T-wave uprighted in I, 
II, and V; 


pain radiating down 
both arms 


LeVik. 

No change 

T uprighted in II and 
inverted in Vy. S-T 
depressed 3 mm. in V4 


Dryness of mouth 

Stuffy flushed 
‘theaviness”’ in chest 
and interscapular re- 
gion 


nose, 
’ 


L.V.H. 
No change 


Dryness of mouth, blur- 
ring vision 

Stuffy nose, squeezing 
substernal pain and 
aching of left elbow 


Sleepy 
Substernal pressure 


were six patients who developed angina and 
abnormal changes in the electrocardiogram 
after hydralazine without appreciable decreases 
in blood pressure. Two of them also had no 
increase in pulse rate. 

The effects of intravenous hydralazine in 
anginal patients pretreated with hexametho- 
nium are summarized in table 2. In all four 
patients, three of whom had been previously 
studied with hydralazine alone (table 1), hexa- 
methonium in doses of 6 to 50 mg. failed to 
prevent the development of angina pectoris or 
of electrocardiographic changes following intra- 
venous hydralazine. Hexamethonium when 
given alone in these patients produced appre- 
ciable decreases in the blood pressure and slight 
changes in the pulse rate, but neither anginal 
pain nor change in the electrocardiogram. The 
administration of both drugs in combination 
was followed by very marked reductions in the 
blood pressure without marked increases in 
pulse rate. In one patient, L. A., in whom the 
cardiac output was measured (direct Fick), the 
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Fig. 1. Tracing showing the development of coronary insufficiency following intravenous hydrala- 
zine (Apresoline) without a change in blood pressure but an increase in pulse rate. 


combination of drugs produced a slight increase 
in the cardiac output. 


Illustrative Responses to Hydralazine and Hexa- 
methonium 


Figure 1 shows the typical ischemic pattern 
in the electrocardiogram after 30 mg. of intra- 
venous hydralazine in a patient with hyperten- 
sive cardiovascular disease, old posterior myo- 
cardial infarction, and angina pectoris. Five 
minutes after the injection of the drug, the S-T 
segments in V, became depressed by 4 mm., in 
lead II, by 2 mm., in lead I, by 1 mm. without 
an associated change in the arterial pressure 
from the control levels, but with an appreciable 
increase in pulse rate (34 beats per minute). 
Seven minutes after the changes in the electro- 
cardiogram had appeared, the patient had a 
typical attack of angina pectoris. One hour later 
the symptoms disappeared and the electrocar- 
diogram reverted towards normal. 

Figure 2 shows the effects of the oral admin- 
istration of 50 mg. of hydralazine in a patient 
with hypertensive cardiovascular disease with 
angina pectoris. Thirty minutes after the drug, 
the S-T segment in V, had become depressed 


by 3 mm. without changes in the blood pressure 
and pulse rate. In this patient oral as well as 
intravenous hydralazine produced “ischemic” 
changes in the electrocardiogram but only after 
the intravenous administration did the patient 
develop chest pain. 

Figure 3 shows the _ electrocardiographic 
changes and the blood pressure and pulse rate 
responses to the simultaneous administration of 
l-norepinephrine and hydralazine. This experi- 
ment was designed to determine whether the 
maintenance of the arterial pressure by nor- 
epinephrine would prevent the anginal effects 
of hydralazine. The initial infusion of /-norepi- 
nephrine alone caused an increase in the arterial 
pressure but did not produce evidence of coro- 
nary insufficiency. Five minutes after the intra- 
venous administration of hydralazine, while the 
arterial pressure was maintained above its con- 
trol levels by the continuous infusion of /-nor- 
epinephrine, severe anginal pain developed 
with marked “ischemic” changes in the electro- 
cardiogram. The depressions in the S-T seg- 
ments were associated with an increase in the 
pulse rate. From this experiment it appeared 
that a lowering of the aortic perfusion pressure 
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Fic. 2. Tracing showing abnormal changes in the electrocardiogram but no alterations in blood 
pressure or pulse rate after oral hydralazine (Apresoline) which was not associated with an attack of 
angina pectoris. 
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Fig. 3. Tracing showing that even though the arterial pressure was maintained by a continuous 
infusion of l-norepinephrine coronary insufficiency developed following intravenous hydralazine 
(Apresoline). 
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Fia. 4. Tracing showing “‘ischemic’’ changes in the electrocardiogram following intravenous hexa- 
methonium (Bistrium) which was associated with a striking reduction in the arterial pressure. 


of the coronary arteries was not the essential 
factor in the production of “coronary insuffi- 
ciency” after hydralazine, but that the main 
factor was an increase in cardiac output asso- 
ciated with an increase in pulse rate. 

Figure 4 shows a coronary insufficiency pat- 
tern in the electrocardiogram during severe and 
prolonged hypotension after intravenous hexa- 
methonium in a patient with hypertensive car- 
diovascular disease. After the slow intravenous 
injection of 10 mg. of hexamethonium, the 
blood pressure fell precipitously with the pa- 
tient becoming semicomatose. Although the 
patient had no chest pain during the severe 
hypotensive episode, the reciprocal changes in 
the S-T segments in leads I and III suggested 
coronary insufficiency. The blood pressure then 
rose, but the electrocardiographic changes per- 


sisted and a clinical course suggesting myocar- 
dial infarction (posterior wall) developed. In 
the presence of coronary artery disease, pro- 
found hypotension undoubtedly enhanced the 
coronary insufficiency and produced myocardial 
infarction. 


Figure 5 shows an experiment designed to 
determine the importance of the level of blood 


pressure in producing coronary insufficiency 
after hexamethonium. Following the adminis- 
tration of a large dose of hexamethonium, no 
change occurred in either the arterial pressure 
or the electrocardiogram in the supine position. 
However, when the patient was tilted to the 
upright position, a profound fall in the blood 
pressure occurred, accompanied by angina pec- 
toris and “ischemic” changes in the electrocar- 
diogram. Following infusion of /-norepineph- 
rine, there was a return of the blood pressure, 
but not to control levels, while the chest pain 
disappeared and the electrocardiogram re- 
turned to the upright control pattern. It is 
rather likely that even in a patient with coro- 
nary artery disease a moderate reduction in 
blood pressure, per se, after hexamethonium 
might fail to produce coronary insufficiency 
whereas a critical reduction could cause this 
complication. 

Figure 6 is a tracing of one of four patients 
who developed angina pectoris after intrave- 
nous hydralazine though pretreated with hexa- 
methonium. The control blood pressure was 
220/120, pulse rate, 80 beats per minute, and 
the electrocardiogram showed a pattern of left 
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Fic. 5. Tracing showing adverse electrocardiographic changes and the development of angina 
pectoris after hexamethonium which was related to a critical reduction in the blood pressure. 
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ventricular hypertrophy with inversion of T 
waves in leads I, II and V4. Following the ad- 
ministration of hexamethonium, no changes in 
the electrocardiogram occurred. Twenty-nine 
minutes later hydralazine was given intrave- 
nously and produced further and _ striking 
reductions in the arterial pressure without a 
change in the pulse rate. The cardiac output at 
this time increased slightly (table 2). With these 
alterations the patient developed angina pec- 
toris with uprighting of the T waves in leads I, 
II, and Vy. When the diastolic blood pressure 
was below 70 mm. Hg, the T wave in V, became 
upright but when it was above this level it again 
became inverted. Although hexamethonium 
partially blocked the pulse-rate-stimulating 
effect of hydralazine on the heart, the resulting 
drop in the blood pressure produced by the 
combination of the drugs probably became so 
critical that coronary blood flow decreased, 
precipitating coronary insufficiency and angina 
pectoris. 


DISCUSSION 


In the clinical treatment of arterial hyper- 
tension, oral hydralazine frequently aggravates 
angina pectoris. In addition, this hypotensive 
agent may induce an attack of angina pectoris 
in patients with previously unrecognized coro- 
nary artery disease. Hydralazine is more apt to 
produce angina pectoris when administered in- 
travenously, as is attested by the fact that all 
patients in this study had an attack which was 
usually severe and long in duration after the 
drug. In fact, the drug produced angina more 
regularly than the standard exercise tolerance 
test employed. 

Although the complication of angina pectoris, 
following the administration of hydralazine, is 
usually associated with a reduction in the aortic 
perfusion pressure and an increase in the pulse 
rate, it apparently does not necessarily depend 
on these alterations. An increase in cardiac 
output produced by the drug may also be an 
important factor which operates to precipitate 
coronary insufficiency. In patients who develop 
angina pectoris without a change in the blood 
pressure and pulse rate, the increase in cardiac 
output and work of the heart may account for 
the coronary insufficiency. Although intrave- 


nous hydralazine has been reported to increase 
the coronary blood flow and the available 
oxygen per unit of left ventricular work in pa- 
tients with essential hypertension,’ it probably 
does not produce these changes in patients with 
coronary artery disease who have relatively 
fixed coronary vascular systems. 

There are suggestions in the literature that 
hexamethonium may block the angina-pro- 
ducing effect of hydralazine.’ However, no 
evidence was obtained in the present study to 
suggest that this might be the case. Even 
though hexamethonium may block the cardiac 
output and pulse rate responses to hydralazine, 
the resulting fall in blood pressure produced by 
this drug in combination with hydralazine may 
be so critical that coronary insufficiency is 
precipitated. 

Ganglionie blocking agents (hexamethonium 
and pentolinium) occasionally produce angina 
pectoris in patients with coronary artery dis- 
ease. However, this complication has never 
been observed by us without a lowering of the 
blood pressure. Therefore it appears that a re- 
duction in blood pressure is the main hemo- 
dynamic factor that accounts for angina pec- 
toris in patients receiving ganglionic blocking 
drugs. The importance of the aortic perfusion 
pressure has been illustrated in figures 4 and 5. 
It also has been clinically demonstrated, when 
postural hypotension causes angina which is 
relieved by lying down. 

Coronary insufficiency occurring during 
treatment with other hypotensive agents such 
as veratrum, nitrites, dihydroergocornine, so- 
dium azide or barbiturates is relatively rare. It 
appears that a very marked decrease in the 
blood pressure and the presence of sclerotic 
coronary arteries are required for the develop- 
ment of coronary insufficiency with hypoten- 
sive drugs. 

CONCLUSIONS 

(1) The data suggest that coronary insuffi- 
ciency occurring in hypertensive patients with 
coronary artery disease during treatment with 
different hypotensive drugs may result from 
several different hemodynamic mechanisms. 

(2) Coronary insufficiency (angina) after the 
administration of hydralazine does not result 
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solely from a reduction in the aortic perfusion 
oressure but also from increases in cardiac 
yutput and pulse rate. 

(3) Coronary insufficiency after the adminis- 
tration of hexamethonium, on the other hand, 
results primarily from a reduction in the aortic 
perfusion pressure during the severe hypoten- 
sion (especially postura! hypotension) which 
this drug produces. 

(4) Hexamethonium was found not to block 
the anginal effects of hydralazine. 

(5) Intravenous hydralazine is a powerful 
agent capable of inducing subjective and ob- 
jective evidence of coronary insufficiency. How- 
ever, the severity and duration of the reactions 
to this drug appear likely to preclude its general 
clinical use as a test for coronary artery disease. 


SUMMARIO IN INTERLINGUA 


Pharmacotherapia antihypertensive es ca- 
pace a aggravar angina de pectore in patientes 
con morbo de arteria coronari. Il pare que le 
complication es debite a differente mechanismos 
hemodynamic. Angina de pectore causate per 
hydralazina pote resultar non solmente ab un 
reduction del pression perfusional aortic sed 


etiam ab augmentos del volumine cardiac e 
del frequentia pulsari producite per le droga. 
Insufficientia coronari occurrente post le 
administration de hexamethonium es usual- 
mete associate con sever hypotension e resulta 
principalmente ab un reduction del pression 
perfusional aortic. Nos non trovava que hexa- 
methonium preveni le effectos anginal de 
hydralazina. Hydralazina intravenose es un 
sensibile test por insufficienta coronari, sed illo 
non es libere de reactiones negative. 
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The Spatial Ventricular Gradient: Intermittent 
Wolff-Parkinson-White Syndrome, Intermit- 
tent Left Bundle Branch Block and Ventrice- 


ular Premature Contractions 


By Morvecat A. Berxun, M.D., Russett H. Kesseuman, M.D., Epuraim Donoso, M.D. 
AND ARTHUR GRISHMAN, M.D. 


Criteria are given for testing the ventricular gradient concept. The spatial ventricular gradient is 
then determined in three types of intraventricular conduction disturbances using the cube system 
of orthogonal bipolar leads. Correction of the isoelectric baseline for the effect of Tp on the QRS 
and T areas is made. The spatial ventricular gradient remains essentially constant both in mag- 
nitude and direction in intermittent Wolff-Parkinson-White syndrome and intermittent left 
bundle branch block despite marked changes in body surface electrocardiograms. Ventricular pre- 
mature contractions produce marked deviations in the spatial ventricular gradient. The spatial 
ventricular gradient merits further study as one of the fundamental quantities in electrocar- 


diography. 


N 1921, F. N. Wilson found a relationship 
between the forms of the QRS and T 
complexes in electrocardiographic curves.! 

He noted that changes in the QRS may be 
accompanied by corresponding changes in T 
of opposite sign. He concluded that the form of 
T depends on the order in which the various 
regions of the ventricles complete their electric- 
activity. Changes in the duration of the electric 
response of particular regions of the ventricles, 
as seen with digitalis, tachycardia, exertion, and 
myocardial ischemia, were defined as primary 
T changes. On the other hand, changes in T 
accompanying changes in QRS, as in bundle 
branch block, were defined as secondary T 
changes.?: * In 1931, Wilson introduced the term 
ventricular gradient for a vector defined by the 
electrical axis and the manifest area of QRST 

The mean electric axis of QRS gives the 
mean direction in which the excitatory process 
spreads over the ventricles. Since recovery 
produces electric forces opposite in polarity to 
those produced by excitation, the mean electric 
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axis of T must give the inverse of the mean 
direction in which the recovery process spreads 
over the ventricles. The ventricular gradient, 
which is the vector sum of the mean QRS and 
T vectors, therefore, represents the magnitude 
and direction of the electrical forces resulting 
from the lack of uniformity in the duration of 
the excited state in different portions of the 
ventricles. It points from the region in which 
the average duration of electrical systole is 
greatest toward the region in which it is 
least.t:° The ventricular gradient concept 
neglects the effect. of ventricular contraction 
upon the position and orientation of com- 
ponent cardiac muscle units with respect to 
sach other and to the leads employed.‘ 

Wilson limited his measurements to the 
frontal plane, using the areas of QRS and T 
in any two of the standard limb leads. S-T 
displacements were considered part of the 
recovery process except when due to injury 
currents.’ 

The most important applications of the 
frontal plane ventricular gradient to clinical 
electrocardiography were made by Ashman, 
Byer, Gardberg and associates.*'° They be- 
lieved that an increase in stroke volume causes 
an increase in the magnitude of the frontal 
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plane ventricular gradient, while an increase 
in heart rate or the use of digitalis'! causes a 
decrease. - 

Ashman mentioned that the ventricular 
gradient might result from intramyocardial 
pressure differences,'? while Lepeschkin felt 
that intramyocardial temperature variations 
were more important." 

Ashman never actually measured the spatial 
ventricular gradient although he devised a 
method of determining its direction in space.!° 
Burch and his coworkers determined the spatial 
ventricular gradient, using leads I,Vy and 
Vp in a group of normal women during preg- 
nancy and after delivery."* Jouve and associ- 
ates determined the directions of the three- 
plane projections of the spatial ventricular 
gradient, using their lead system. Ivancic 
and Mikulicic, using a different system of 
orthogonal bipolar leads, calculated the magni- 
tude and direction of the spatial ventricular 
gradient in 100 normal subjects.'® Simonson, 
Schmitt and co-workers were the first to report 
on the use of an electronic integrating circuit 
to obtain the spatial ventricular gradient." 


OBJECTIVES OF THIS INVESTIGATION 


Several authors have attempted to test the 
validity of the ventricular gradient concept in 
induced and spontaneous intermittent or tran- 
sient intraventricular conduction disturbances, 
using frontal plane leads alone and the spatial 
ventricular gradient was not determined. 

Wilson and his co-workers produced right 
bundle branch block in a dog and then caused 
varying fusion complexes by artificial stimula- 
tion of a single right ventricular focus. The 
frontal plane ventricular gradient showed a 
relatively small average variation.‘ Wilson 
also found fair agreement between the normal 
and aberrant ventricular conduction when he 
measured the frontal plane ventricular gradient 
in one patient with intermittent left bundle 
branch block.? Eckey and Schifer subtracted 
the normal complexes in leads I, II and III 
from the abnormal complexes of intermittent 
Wolff-Parkinson-White syndrome in one case 
and obtained diphasic curves having approxi- 
mately equal positive and negative areas.'® They 
lid not, however, discuss their findings in terms 


of the ventricular gradient concept. Fowler and 
Westcott reported six examples of right bundle 
branch block induced by cardiac catheterization 
and determined the frontal plane ventricular 
gradient before, during, and after the block.!® 
Simonson and associates also studied one case 
with right bundle branch block and idioventri- 
cular rhythm in which the frontal plane ventri- 
cular gradient did not change appreciably.” 
Segers and Boyadjian calculated the frontal 
plane ventricular gradient in intermittent right 
and left bundle branch block and concluded 
that determination of the ventricular gradient 
projection on another plane was desirable.” 

We have given consideration to the criteria 
for an ideal, and consequently crucial, test for 
the ventricular gradient concept in human 
beings. They are listed as follows: 

(1) The spatial ventricular gradient is 
measured before or after a spontaneous or in- 
duced intermittent or transient intraventricular 
conduction disturbance and during the ab- 
normal conduction. 

(2) The measurements are made within a 
few seconds before and after the change in 
conduction to minimize the effect of alterations 
in other physiologic variables. 

(3) Three noncollinear component leads are 
obtained simultaneously. 

(4) The electrocardiographic tracings used 
are technically correct with minimum baseline 
wander. 

(5) A variety of types of intraventricular 
conduction disturbances is studied. 

(6) Correction is made for the effect of T, 
on the baseline for the measurement of QRS 
and T areas. 

(7) The cardiac rate remains essentially un- 
changed throughout the determinations. 

(8) Marked tachycardia sufficient to cause 
overlapping of P and the preceding T is absent 
because it would then be impossible to con- 
struct any isoelectric baseline. 

(9) The electrocardiographic records are ob- 
tained during the same phase of respiration to 
eliminate the effects of changes in cardiac 
position on the direction of the spatial ventricu- 
lar gradient. 

The studies to be described satisfy these 
criteria with the few exceptions to be noted. 





THE SPATIAL VENTRICULAR GRADIENT 


COMMON 
A-, B-, C 


\ 


Fig. 1. Electrode placement and polarity of com- 
ponent leads A, B and C. (1) The common electrode 
(A—, B—, C+) is placed in the right posterior axil- 
lary line at the level of the first or second lumbar ver- 
tebra. (2) Electrode (A+) is placed in the left poste- 
rior axillary line at the same level as the common 
electrode. (3) Electrode (B+) is placed in the right 
anterior axillary line at the same level as the common 
electrode. (4) Electrode (C—) is placed in the right 
posterior axillary line over the right scapula. 


a 


The component leads used are the A, B, 
and C leads previously described.” They make 
up an orthogonal lead system presenting right- 
left, posterior-anterior, and superior-inferior 
components. The electrodes are placed approxi- 
mately equidistant from the electrical center 
of the heart (fig. 1). The sphere is an ideal geo- 
metric figure for the vectorial study of an 
electric field. This is true because the lines 
connecting points equal distances along the 
surface of a sphere with the center of the 
sphere subtend equal angles and, therefore, 
indicate comparable quantities of the electric 
field in each lead. The eight corners of a cube 
represent eight equally distant points on a 
sphere’s surface. Each electrode is sufficiently 
distant from the heart in the cube arrangement 
for the exploration of its field. The interposed 
tissue between the heart and the four electrodes 
is predominantly lung tissue. With the cube 
arrangement there is close correlation of the 
horizontal plane projection of the spatial 
vectorcardiographic loop and the chest leads 


TABLE 1.—Clinical Material 


Clinical Heart Disease 


Arteriosclerotic 

Congenital (co- 
arctation of the 
aorta) 


None 


1 


oO 


Arteriosclerotic 


Arteriosclerotic 
| Hypertensive 

Arteriosclerotic 

Arteriosclerotic 


~ o> 


~I 
onw NN tb 


aon 


| Hypertensive 
Arteriosclerotic 


or 
wn 


| Arteriosclerotic 
None 
| Arteriosclerotic 


Rheumatic 
Arteriosclerotic 


| Aortic aneurysm 
| Congenital 


Types of Intraventricular Conduction 


Normal, Wolff-Parkinson-White 


| Normal, Wolff-Parkinson-White 


| Normal, Wolff-Parkinson-White 


| 
| 


| Normal, 


Wolff-Parkinson-White, left bundle branch 
block 


| Normal, left bundle branch block 





| Normal, 


Normal, left bundle branch block 

Normal, left bundle branch block 

incomplete and complete left bundle branch 
block 

Normal, left bundle branch block 

Left bundle branch block, ventricular premature con- 
tractions from two foci 

Normal, ventricular premature contraction 

Normal, ventricular premature contraction 


| Right bundle branch block, ventricular premature con- 


traction, atrial fibrillation 

Normal, ventricular premature contraction 

Left bundle branch block, ventricular premature con- 
traction 

Normal, ventricular premature contraction 

Normal, ventricular premature contraction 
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Fig. 2. The duration of atrial electrical activity 
(P + T,) and its relationship to the P-P interval and 
the atrial rate. 


POSITIVE AREA 
NEGATIVE AREA Fea 


Fra. 3. Method of measuring areas. 


recorded at the level of the dipole center of the 
heart. 

The magnitude of the spatial ventricular 
gradient and its projections on any plane are 
usually expressed in microvolt-seconds (yu vs.), 
or in Ashman units (A.U.), each of which equals 
Lu vas 


MATERIALS AND MEtTHops 


The records of 17 patients from the files of the 
Vectorecardiographic Laboratory of The Mount 
Sinai Hospital were suitable for this study (table 1). 

All of the electrocardiograms were taken with the 
patient supine and with respiration temporarily 
held. A three-channel, direct-writing Technicon 
Cardiograph was used for all the records, and the 
determinations were made from simultaneous leads. 
Each patient had a standard 12-lead electrocardio- 
gram and then simultaneous A, B and C leads were 
obtained. In most of the records the paper speed 
was 50 mm. per second. The standardization was 
adjusted so that a 1 mv. input gave a 15 mm. up- 
right deflection. Occasionally, it was necessary to 
apply appropriate corrections for slight standardiza- 
tion differences. 

The A, B and C component leads were then pro- 
jected by means of an opaque projector against a 


wall resulting in a magnification of 8.1 diameters. 
The projected curves were traced along their upper 
margins and the time of onset of QRS, end of QRS 
and end of T were marked in the simultaneous leads 
using the most clearly outlined and usually the 
longest intervals for timing purposes. The U-P seg- 
ment was taken as the true isoelectric baseline, and, 
where this was clearly identifiable, a straight line 
was drawn from the U-P segment preceding the 
cycle used to the U-P segment immediately follow- 
ing it. Where no clear U-P segment was found, or 
the baseline wandered appreciably, a line drawn 
from the start of P to the end of T (or U, if present), 
was used as the isoelectric baseline. In a few in- 
stances baseline wander was in more than one direc- 
tion during a single beat so that any baseline con- 
structed was subject to considerable error. 

One of the difficulties encountered in any direct 
measurement of QRS and T areas is the magnitude 


C- (superior) 


A- (right) At (left) 


C+ (inferior) 


FRONTAL PLANE 


Fig. 4. Definitions of Gp and angle a. 


B- (posterior) 


A- (right) A+ (left) 


B+ (anterior) 
HORIZONTAL PLANE 


Fig. 5. Definitions of Gq and angle 8. 
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of Tp (representing atrial recovery). Tp is directed 
opposite to P and its enclosed area is approximately 
equal to that of P.2* When P is small or isoelectric, 
Tp causes no discernible deviation of the baseline 
and no correction is necessary. When P is large and 
positive, Tp depresses the baseline for QRS and T 
considerably (particularly evident on the magnified 
tracings), and a baseline correction must be intro- 
duced or the measured areas of QRS and T will both 
be too small. Where P is large and negative, Tp is 
large and positive, and an opposite correction must 
be made or the measured areas will be too large. 

Ashman’ used an implied partial correction of 
the baseline for Tp in ventricular gradient deter- 
minations. Lepeschkin™ suggested the use of a 
straight line from the start of QRS to the end of U 
as the baseline and set the notch between T and U 
as the end of T. 

We approached this problem in a more direct 
fashion. The duration of atrial electric systole 
(P + Tp) was determined from 74 electrocardio- 
grams with complete or incomplete heart block and 
this was plotted against the P-P interval. It was 
found that the duration of atrial electric systole 
decreases as the atrial rate increases and that there 
is a linear relationship when the P + Tp duration 
is plotted against the P — P interval* (fig. 2). 

The duration of P + T>» for the atrial rates of each 
case was derived from the graph. This was measured 
off along the isoelectric baseline from the start of 
P. Then a line was drawn from the onset of QRS to 
this point and this corrected baseline was used to 
measure the areas of QRS and T (fig. 3). 

The tracings were attached to a flat board and 
the areas of QRS and T were measured with a 
planimeter. Areas above the corrected baseline were 
considered positive and areas below were considered 
negative. Each tracing was measured twice and the 
results averaged and then converted into Ashman 
units. The magnitude of the spatial ventricular 
gradient and the magnitudes and directions of its 
frontal and horizontal plane projections were cal- 
culated. 

A series of symbols is defined and they will be 
used throughout the remainder of this presentation 
as well as in our future publications. Scalar quan- 
tities appear in ordinary type. Vector quantities 
appear in bold face type. (Modern publications in 
physics and mathematics universally use ordinary 
type for scalars and bold face type for vectors). 

G is the spatial ventricular gradient, G is the 
magnitude of G, Gr is the frontal plane projection 
of G, Gr is the magnitude of Gr, Gy is the horizontal 
plane projection of G, Gy is the magnitude of Gz, 
G, is the magnitude of the projection of G on the 
A axis, Gz is the magnitude of the projection of G 
on the B axis, and G¢ is the magnitude of the pro- 
jection of G on the C axis. 

Angle a is the smaller angle between Gr and the 


positive A axis and angle @ is the smaller angle be- 
tween Gy and the positive A axis. 

Angle @ is given a positive sign if Gy is inferior, 
and a negative sign if Gr is superior to the A axis. 
Similarly, angle B is called positive if Gy is anterior 
and negative if Gy is posterior to the A axis. 
From the Pythagorean Theorem 


Gu VA+G +4 
In the frontal plane (fig. 4) 
Gr = VG + Gi 
and 
sin a= Gc/Gr. 


In the horizontal plane (fig. 5) 


Gz = VEL +4 
and 
sin B = Gp/Gx. (5) 


TaBLE 3.—Calculated Variations in G, Gp and Gy 
and the Changes in Angles a and B for the Various 
Types of Conduction 


Conduction Case | va | ve | va 


oe | 2-2 
Disturbance | No. (%) | ) | (%) | e-,| We- 


grees)| grees) 


Wolff- | 5| 2) 9| 4 
Parkinson- ; 1 
White Syn- ‘ 39 
drome 


Average 
Left bundle 
branch 
block 


Average | 14 


Ventricular 10 39 
premature 10 16 
contraction 11 65 

12 58 
13 40 
14 | 20 

| 15 | 48] | 49 

16 9 | 2 

| 17 | 99 74 

| 

| a pare 

| 

| 


Average | 55 5s 47 


Case 8 was included in these calculations and in 
this table only for the change in conduction from 
incomplete to complete left bundle branch block. 
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Fia. 6. Illustrative cases. A, Case 2, intermittent Wolff-Parkinson-White syndrome; B, case 4, 
normal conduction, Wolff-Parkinson-White syndrome and left bundle branch block; C, case 5, inter- 


mittent left bundle branch block. 


RESULTS 

The results are recorded in table 2. This 
contains the findings in four patients with 
intermittent Wolff-Parkinson-White syndrome, 
six patients with intermittent left bundle 
branch block, and eight patients with pre- 
mature ventricular contractions. 

For each case the table shows the atrial rate 
in cycles per minute, the derived P + T, 
duration in seconds (from fig. 1), the types of 
intraventricular conduction, the magnitude of 
QRS and T areas, G4, Gz, Gc, G, Gr, Gu, a and 
8. All magnitudes are in Ashman Units and all 
angles are in degrees. 

Table 3 contains all the calculated variations 
in G, Gr, and Gy,* and the changes in angles 
a and 8 for the various types of conduction. 





* Let G be G, during control conduction, let G be 
G, during altered conduction, and let vg be the per- 
cent variation in G. Then 


ena 2V(G: — Gi) xX 100% 


Gi + G, 


The symbols vr and vy are similarly defined for the 
per cent variation in Gp and Gz. 

t The absolute values of the angle changes in de- 
grees are used and these are indicated by the symbols 
| Aq | and | 48 |. 


Figure 6 contains representative A, B, and 
C component leads during control and ab- 
normal ventricular conduction for cases 2, 
4 and 5. 


DISCUSSION 


Four patients with intermittent Wolff- 
Parkinson-White syndrome were studied (cases 
1, 2, 3 and 4). The average variation in G was 
10 per cent (range 1 to 23 per cent); the 
average variation in Gr was 10 per cent (range 
1 to 23 per cent); and the average variation in 
Gz was 19 per cent (range 8 per cent to 25 per 
cent). Angle a changed an average of 7 degrees 
(range 1 degree to 10 degrees), and angle B 
changed an average of 14 degrees (range 1 to 
39 degrees). This is the first series of patients 
with intermittent Wolff-Parkinson-White syn- 
drome in which G, Gy, and Gy have been 
determined. Within the limits of experimental 
error, G, Gy, and Gy did not change in magni- 
tude or direction from that accompanying 
normal intraventricular conduction. 

There were six patients with intermittent 
left bundle branch block (cases 4, 5, 6, 7, 8, 
and 9). The average variation in G was 14 per 
cent (range 0 to 48 per cent); the average 
variation in Gy was 25 per cent (range 0 to 58 
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per cent); and the average variation in Gy was 
14 per cent (1 to 50 per cent). There was an 
average change in angle a of 13 degrees (range 
| to 32 degrees), and in angle 8 of 14 (2 to 38 
degrees). The changes in magnitude and direc- 
tion of G, Gr and Gy are within the error of 
the determination and this indicates that G 
does not change in left bundle branch block. 
Unfortunately, our series did not contain any 
instances of intermittent right bundle branch 
block and we can give no confirmation of the 
ventricular gradient concept in that conduction 
disturbance, though we assume that it will be 
proved valid here, too. 

Case 4 (see fig. 6), which showed normal 
conduction, Wolff-Parkinson-White conduc- 
tion, and left bundle branch block is of par- 
ticular interest not only because of the rarity 
of this combination but that the records were 
obtained at a single session and they can, there- 
fore, be compared with each other. As can be 
seen from table 2 and figure 6, G, Gr and Gy 
were almost the same whereas the forms of the 
electrocardiographic complexes in the com- 
ponent leads were quite different from each 
other. 

Eight cases with ventricular premature 
contractions were in the studied group (cases 
10, 11, 12, 13, 14, 15, 16 and 17). The average 
variation in G was 55 per cent (range 9 to 72 
per cent); the average variation in Gy was 74 
per cent (range 7 to 142 per cent); and the 
average variation in Gy was 59 per cent (range 
11 to 151 per cent). The change in angle a 
averaged 51 degrees (range 16 to 131 degrees), 
and in angle 8 averaged 47 degrees (range 2 to 
110 degrees). These changes in G, Gp and Gy 
in ventricular premature contractions are 
about three to four times larger than the 
changes found in the same quantities in the 
cases with Wolff-Parkinson-White conduction 
and in the cases with left bundle branch block 
and are definitely outside the limits of ob- 
servational error. G, therefore, changes both in 
magnitude and direction during ventricular 
premature contractions. Despite the divergent 
results obtained with ventricular premature 
contractions some positive correlation of lower 
magnitude appears to be present, but a much 
larger series of similarly studied patients would 


be required in order to reliably determine the 
degree of this correlation. 

In the fifteen types of ventricular fusion 
complexes produced by Wilson and his associ- 
ates in their dog experiment,‘ there was a 19 per 
cent average variation in G, as determined 
from the Einthoven limb leads (range 4 to 46 
per cent).* This experiment is not quite 
analogous to spontaneously occurring ventricu- 
lar premature contractions in human hearts, 
some of them diseased. Burger and associates 
studied vectorcardiograms simultaneously ob- 
tained, using two different lead systems.” For 
normal conduction there was good correlation 
between the two vectorcardiograms, but for 
the ventricular premature contractions the 
correlation was poor. Their explanation was 
that the excitation spreads differently over the 
heart in the two types of conduction, and, be- 
‘ause of the uneven distribution of insulating 
fatty tissue on the surface of or around the 
myocardium, the current field in the thorax is 
affected differently in normal and premature 
beats. Because of the abnormal pathway of the 
excitation wave in extrasystoles, the sequence 
of stimulation of different portions of the myo- 
cardium may vary greatly. This, in turn, may 
cause considerable shifts of the dipole center 
during the spread of the excitation wave ac- 
companying an extrasystole which may affect 
the two lead systems used by Burger and his 
associates to a varying degree without having 
any additional significance. Another possibility 
is a basic difference between the excitatory and 
recovery processes in ventricular premature 
contractions as compared with normal conduc- 
tion, Wolff-Parkinson-White conduction, and 
left bundle branch block. In ventricular pre- 
mature contractions excitation takes place at 
differing times following the preceding beat and 
thus may occur during the relative refractory 
period or supranormal conduction phase of the 
ventricular muscle. Our findings strongly sug- 
gest that ventricular premature contractions 
are poorly suited to the investigation or con- 
firmation of the ventricular gradient concept. 

To compare G and G, obtained by others, 


* This calculation was made by us using Wilson’s 
published data.’ 
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using different lead systems, with our results 
obtained with the cube arrangement, it is 
necessary to relatively standardize the systems 
with respect to the actual electric field strength 
of the cardiac vector. To compare the cube with 
a system based on the Einthoven limb leads 
one may assume that the heart is immersed in 
a homogeneous volume conductor of infinite 
extent and that the lead electrodes are equi- 
distant from the heart. Making the above 
assumptions, which are only approximations 
for any given subject, it has been calculated 
that the deflections in the standard limb leads 
of Einthoven have a 1.5 times greater ampli- 
tude than those in the cube system for the same 
magnitude of heart vector.*° Consequently, to 
compare our values of G with those of Simon- 
son and co-workers,” or our values of Gr with 
those of Ashman and his colleagues,®!'? or 
others using the Einthoven limb leads, our 
gradient magnitudes must be multiplied by the 
factor 1.5. However, the lead system of Ivancic 
and Mikulicic'® utilizes bipolar orthogonal 
leads and no standardization factor is required 
for comparison. 

The consistency of the values of G both as 
to magnitude and direction in intermittent 
Wolff-Parkinson-White syndrome and_ inter- 
mittent left bundle branch block is indicative 
of the validity of the A, B, and C orthogonal 
lead system in electrocardiographic and vector- 
cardiographic practice. 


Sources of Error 


There are variations in the vertical thickness 
(along the voltage axis), of the electrocardio- 
graphic curve, depending on the shape of a 
deflection. This is due to incomplete burning 
of the heat-sensitive paper coating by the 
stylus at high speeds of deflection. The finite 
width of the stylus in the horizontal direction 
(along the time axis), affects the area under 
any curve if the rate of ascent is different from 
the rate of descent. By consistently making all 
tracings along the upper edge of the projected 
curves this error was kept to a minimum. In 
case 7, the upper edge of the original electro- 
-ardiograms was frequently poorly visible and 
the error in tracing the projected curves was 
probably large. 


Baseline wander introduces an error of vari- 
able extent, particularly when the wander is in 
more than one direction. Case 13 had an irregu- 
lar baseline due to atrial fibrillation. 

The T, correction is only an approximation 
for any individual record but the error intro- 
duced is probably relatively small. 

Other minor errors resulted from 60 cycle 
per second alternating current electric inter- 
ference, limitation of planimeter accuracy, and 
the human error in tracing the projected curves 
and using the planimeter. 

Cases 7 and 8 were included in this study 
even though our criteria were not completely 
satisfied. In each, the intermittent left bundle 
branch block was produced by exercise. In 
case 7, the heart rate remained unchanged at 
75 per minute, but in case 8, the heart rate in- 
creased from 75 per minute during normal 
conduction to 100 per minute during the two 
degrees of left bundle branch block. G, Gp and 
Gy decreased in both cases. Diminution of the 
ventricular gradient occurs with any increase 
in heart rate.? Case 7 is included in the calcula- 


tions of average changes and all subsequent 
discussion of results, but in case 8 normal con- 
duction is excluded and only the results in the 
two degrees of left bundle branch block are 
referred to in table 4 and subsequently. Case 8, 
as far as we know, is the first demonstration 


that G decreases on increase in heart rate, all 
previous conclusions being based on the ob- 
served decrease in Gp. 


CONCLUSIONS 

Our observations show that the spatial 
ventricular gradient can be readily determined, 
using the bipolar orthogonal component leads 
A, B and C of the cube system of vectorcardi- 
ography. The measurement of the spatial 
ventricular gradient is a significant addition to 
the understanding and also to the clinical 
analysis of the electric events of the cardiac 
cycle. The constancy of the magnitude and 
direction of the spatial ventricular gradient 
during normal intraventricular conduction, 
Wolff-Parkinson-White syndrome, and _ left 
bundle branch block emphasizes the value and 
significance of the gradient concept. When 
Wolff-Parkinson-White conduction or left 





BERKUN, KESSELMAN, DONOSO AND GRISHMAN o71 


bundle branch block (and frequently left or 
right ventricular hypertrophy), are found in an 
electrocardiographic record, other changes due 
to myocardial damage or infarction are ob- 
scured. The spatial ventricular gradient may 
then be useful in diagnosis under these con- 
ditions by comparison with either a previous 
ventricular gradient determination made on 
an earlier record of the same patient or a set 
of normal standards. 

It is apparent that the technics employed 
in this study are too time-consuming to be used 
in a very large series of cases. However, this 
project is a necessary preliminary to the auto- 
matic electronic recording of the spatial ven- 
tricular gradient. 

Problems that we intend to investigate, using 
electronic apparatus and technics, are the 
determination of the range of the magnitude 
and the direction of the spatial ventricular 
gradient in normal individuals as well as 
similar measurements in ventricular hyper- 
trophy, myocardial damage, myocardial in- 
farction, and electrolyte disturbances, and the 
evaluation of the extent of digitalization. 


SUMMARY 


(1) The spatial ventricular gradient and its 
projections on the frontal and horizontal planes 
are measured both in magnitude and direction, 
using an orthogonal cube lead system consist- 
ing of right-left, posterior-anterior and superior- 
inferior leads (A, B and C leads). 

(2) A method of correcting for the effect of 
T, on the areas of QRS and T is described. 

(3) The spatial ventricular gradient is deter- 
mined in four patients with intermittent Wolff- 
Parkinson-White syndrome during normal and 
abnormal intraventricular conduction. The 
spatial ventricular gradient did not change 
significantly in either magnitude or direction. 

(4) The spatial ventricular gradient is de- 
termined in six cases with intermittent left 
bundle branch block and there are no sig- 
nificant changes in its magnitude or direction 
in the two types of conduction. 

(5) The spatial ventricular gradient is 
measured in eight cases with ventricular pre- 
mature contractions and there are significant 


changes both in magnitude and direction when 
compared with the control conduction. The 
results suggest that some positive correlation 
of lesser degree would be found if a larger series 
of cases is studied. 

(6) A single case showing normal conduction, 
Wolff-Parkinson-White conduction and _ left 
bundle branch block is reported. There is no 
significant change in the magnitude or direction 
of the spatial ventricular gradient. 

(7) In a single case, the spatial ventricular 
gradient is found to decrease in magnitude with 
an increase in heart rate. 

(8) Criteria for testing Wilson’s concept of 
the ventricular gradient are given and this 
concept is found to be valid. 

(9) The results indicate that the orthogonal 
bipolar cube A, B and C lead system present 
reliable projections of the cardiac vector. 


SUMMARIO IN INTERLINGUA 


(1) Le spatial gradiente ventricular e su pro- 
jectiones super le planos frontal e horizontal es 
mesurate in magnitude e direction per medio de 
un orthogone systema cubic de derivationes, 
consistente de derivationes dextero-sinistre, 
postero-anterior, e supero-inferior (A, B, e C). 

(2) Ks describite un methodo que rectifica le 
effecto de T, super le areas de QRS e T. 

(3) Le spatial gradiente ventricular es de- 
terminate in quatro patientes con intermittente 
syndrome Wolff-Parkinson-White durante nor- 
mal e anormal conduction intraventricular. Le 
spatial gradiente ventricular non esseva signifi- 
cativemente alterate in o magnitude o direc- 
tion. 

(4) Le spatial gradiente ventricular es deter- 
minate in sex casos de intermittente bloco de 
branea sinistre. Il non ha significative altera- 
tiones in direction o magnitude del gradiente in 
le duo typos de conduction. 

(5) Le spatial gradiente ventricular es mesu- 
rate in octo casos de prematur contractiones 
ventricular. Il occurre significative alterationes 
in e magnitude e direction in comparation con 
le conduction de controlo. Le resultatos rende 
probabile que un correlation positive de grados 
minus mareate esserea constatate si un plus 
extense serie de casos esseva studiate. 
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[he Tissue Catechol Amine Concentration of 
the Human Heart Determined by the Alumi- 
num Hydroxide-Arsenomolybdic Acid Method 


By J. M. B. BLroopworrtn, Jr., M.D. anp E. von Haam, M.D. 


With the aluminum hydroxide-arsenomolybdic acid method, which has recently been extensively 
modified in this laboratory, the tissue concentration of catechol amines was determined in 100 
human hearts. The results were correlated with clinical history and autopsy findings. Previous 
work has suggested that cardiovascular disease and uremia were associated with an elevation in 
the heart catechol amine concentration, and that some cases of sudden death were associated with 
an elevated heart catechol amine concentration. In this study cardiovascular disease and uremia 
showed low or low normal values while not a single instance of sudden death could be explained 
by an abnormally elevated heart catechol amine concentration. 


HE catechol amines, epinepihrine and 
norepinephrine, exert a wide range of 
pharmacologic effects. Norepinephrine 
is the chief sympathomimetic substance in 
mammals.! Under certain conditions of stress 
both hormones may be released from the 
adrenal medulla and other chromaffin tissue, 
with epinephrine representing approximately 
80 per cent of the total.2 Abnormally large 
quantities of catechol amines are found in the 
blood and urine of patients with a pheochromo- 
cytoma.* 4 In addition to their action on the 
muscle tone of blood vessels (blood pressure 
level) and cardiac rate, they increase body 
metabolism® and possibly stimulate the pi- 
tuitary-adrenal axis.° Urine catechol amines 
are elevated in muscular work,’ hypertension 
and myocardial infarction." Both epinephrine 
and norepinephrine increase cardiac excita- 
bility"? 3 and frequently cause depression or 
inversion of the T waves of the electrocardio- 
gram. Raab'® has shown that injected epi- 
nephrine and norepinephrine are selectively 
concentrated in the myocardium. 
Raab!* has pointed out the possible toxicity 
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resulting from the selective concentration of 
catechol amines in the myocardium and the 
increased metabolism (oxygen wasting effect) 
caused by these hormones. He postulates that 
they may reach a toxic level above which they 
can cause cardiac arrythmias and death. 
Raab": 8 has reported two, otherwise unex- 
plained, sudden deaths in apparently healthy 
young adults. In both cases the tissue catechol 
amine concentration of the heart was elevated. 
In the hope that a large series of assays would 
shed light on this problem we have determined 
the tissue catechol amine concentration of 100 
human hearts. 


MATERIALS AND METHODS 


Hearts were obtained from the autopsy service 
of the Ohio State University Hospital and the cor- 
oner’s service of Franklin County. Consecutive cases 
were obtained as far as possible. Embalmed hearts 
were not assayed because of the interference of 
formalin with the assay procedure. Occasional cases 
of acute myocardial infarction and severe valvular 
disease were saved for demonstration and thus ex- 
cluded from the series. 

The heart was obtained at autopsy (1 to 6 hours 
after death) and immediately quick-frozen (—50 
C.). Assays were usually performed within 24 hours, 
never after more than two weeks. Fat and connec- 
tive tissue were eliminated and several pieces of 
myocardium from different parts of both ventricles 
were weighed and extracted with trichloroacetic 
acid. The catechol amines were then concentrated 
on aluminum hydroxide and assayed with arseno- 
molybdic acid according to the method previously 
reported." 


Circulation, Volume XIII, April, 1956 





DETERMINATION OF TISSUE CATECHOL AMINE CONCENTRATION 


MEAN MEDIAN 
Novem pig /gm 
ALL ASSAYS 043 033 
(100 CASES ) 


ASSAYS BELOW 022 022 
O.5I pg./gm. (70 CASES) 


NUMBER OF ASSAYS 


05 100 15 
MIGROGRAMS / GRAM 


Fig. 1. The distribution of tissue catechol amine 
concentrations in 100 human hearts. The assay values 
from cases receiving catechol amines by injections 
are shown by a broken line. 


RESULTS 

The determination of the “normal’’ tissue 
catechol amine concentration of the human 
heart is complicated by several factors: (1) 
the value appears to vary in different mam- 
malian species.”-*4 (2) One can rarely obtain 
hearts from “normal” human patients. (3) 
Most autopsy cases represent the result of 
several disease processes. We have, therefore, 
established our “‘normal’’ range by indirect 
methods. Figure 1 shows the distribution of all 
(100) human assays. The cases receiving in- 
jected catechol amines are shown by the dotted 
lines. In this diagram the normal values should 
group together and give a bell curve. The 
ralues below 0.50 ug. show this grouping. There 
are 70 cases in this group; both the mean and 
the median are 0.22 ug. per Gm. We were also 
able to obtain five hearts from apparently 
normal individuals who met instantaneous 
sudden death (cases 6, 13, 18, 22 and 83). The 
mean value for these five cases is 0.23 + 0.16 
ug. per Gm. With this data in mind we have 
arbitrarily established 0.25 + 0.15 wg. per Gm. 
as the normal range. (The variation, 0.15 ug. 
per gram represents the estimated error of the 
over-all method). 

As mentioned above almost all assays were 
done on patients suffering from several disease 
processes at the time of death. The mean value 
for the tissue catechol amine concentration of 
hearts associated with a given disease may be 
appreciably affected by other diseases present 


at the time of death. This effect can be elim- 
inated statistically only by the accumulation 
of a large series of cases. We have, therefore, 
included (table 1) a short summary of each 
‘ase for use in future correlation of data. In 
this table, the major clinical and pathologic 
diagnoses are listed with the immediate cause 
of death first. The blood pressure is recorded for 
all cases of hypertension, that is, above 
150/90 mm. Hg. Occasionally there was a 
history of hypertension in coroner’s cases, but 
no blood pressure recordings were available. 
Pertinent laboratory data and drug administra- 
tion data are also included. 

In seven cases (cases 12, 27, 38, 45, 53, 62 
and 72) the patient was receiving intravenous 
norepinephrine at the time of death. All but 
one case showed an elevation of the assay 
value and the group gave a mean of 0.93 yg. 
per gram. One case (case 11) received 0.5 ml. 
of norepinephrine subcutaneously one-half 
hour before death without effect on the assay 
value. 

In five cases (cases 34, 39, 61, 90 and 92) 
an attempt was made to inject intracardiac 
epinephrine after death. Two cases (cases 61 
and 90) showed a marked elevation of the 
assay value. Apparently the needle did not 
reach the myocardium in the other three cases. 

The seven cases receiving intravenous nor- 
epinephrine and the two cases receiving intra- 
cardiac epinephrine were not used in the 
compilation of mean values for various disease 
states. 


DIscUSSION 


The literature contains numerous papers 
dealing with the tissue catechol amine concen- 
tration of animal hearts.?°-*4 The only multiple 
case studies of the tissue catechol amine con- 
centration in human hearts are reported in the 
papers by Holtz, Kroneberg and Schumann”; 
Raab and Gigee,?* and Raab.” Direct quanti- 
tative comparisons between the studies cannot 
be made because of the difference in assay 
technics. However, despite variation in technic 
and the impossibility of obtaining ‘‘pure”’ 
disease states, certain observations and com- 
parisons are possible. 

The nine cases receiving extraneous catechol 
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Race, Sex 
and Age 


\W/M/54 
W/M/29 
W/M/74 
|W /M/22 
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W/F/63 


\sijaien 


\W/F/17 
W/M/59 
\C/F/36 
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W/M/48 
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W/M/30 
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W/E /75 
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TABLE 1. The Tissue Catechol Amine Concentration of the Human Heart 


oe ae | Heart Catechol 
Clinical and Laboratory Data: Autopsy Findings Amine Content 


pg./Gm. 





| Pneumonia, insulin sensitive diabetes mellitus. 0. 
| Delirium tremens (young adult). 0.5 


Pneumonia, fibrosarcoma. 0.6 

Death three hours after gun shot wounds of lungs and aorta. Pulmonary 0.96 
edema. 

Shock, Laennec’s cirrhosis, miliary tuberculosis. 0. 

Sudden death, head trauma with cerebral hemorrhage due to fall. Pulmonary 0. 27 
congestion and edema. 


Diabetes mellitus with glomerulosclerosis and Kimmelstiel-Wilson syndrome. | 0. 


Two months after total adrenalectomy. B.U.N. 86 mg.%. B. P. 190/100 mm. 
Hg. 


| Carbon monoxide poisoning, pulmonary congestion and edema. 


Pneumonia, squamous carcinoma of lung, severe pulmonary edema. 


| Carcinoma of breast, carcinomatosis, ascites. 


Pneumonia, postoperative shock, carcinoma of urinary bladder. 1 cc. of norepi- 
nephrine s.c. 14 hr. ante mortem. 


Postoperative shock, pelvic inflammatory disease, pancreatitis norepinephrine 


iv. B. P. 200/105 mm. Hg. 
Sudden death from gun shot wound of heart. Ethanol intoxication. 





| Sudden death. Events preceding death unknown. Organizing pneumonia, se- 


vere arteriosclerotic heart disease, probable coronary occlusion. 
Convulsion, apparently healthy medical student, pulmonary and cerebral 
edema. 


| Drowning. 

| Pneumonia, Hodgkin’s disease. Cortisone 300 mg. daily last two months of life. 
| Sudden death, rupture of congenital aneurysm of Circle of Willis. 

| Uremia, carcinoma of cervix with obstruction of ureters, pulmonary edema, 


pyelonephritis. B.U.N. 171 mg.%. B. P. 200/100 mm. Hg. 
| Septicemia, aplastic anemia, intestinal hemorrhage. 
Shock due to hemorrhage from carotid artery. Squamous carcinoma of gingiva, 
emaciation. 
| Sudden death due to trauma by auto. Ethanol intoxication. 


| Fracture of skull, 1 day after craniotomy, pulmonary congestion and edema. 


Active rheumatic heart disease. 
| Pneumonia, leukosarcoma, hemorrhagic diathesis. 
Osteogenic sarcoma. 


| Subdural abscess, 6 days after craniotomy, shock. Laennec’s cirrhosis, diabetes 


mellitus, pneumonia, history of hypertension. 
Pneumonia, congestive heart failure, fracture of hip, arteriosclerotic heart dis- 
ease. Norepinephrine i.v. 
Carcinoma of urinary bladder, 10 days postoperative. Jaundice. B.U.N. | 
| 87 mg.%. Serum bilirubin 3.4 mg.%. 


| Trauma due to airplane crash. Asphyxia, pulmonary congestion and edema. 


Interval between crash and death uncertain. 
Trauma, hit by auto. Multiple fractures, massive hemorrhage, 3 days after | 

| eraniotomy. 

| Acute stem cell leukemia. 

| Congestive heart failure, arteriosclerotic heart disease. 

| Cerebral infarct, arteriosclerotic cardiovascular disease, diabetes mellitus. | 
B. P. 170/50 mm. Hg. 

| Acute myocardial infarction, arteriosclerotic heart disease. Intracardiac epi- 
nephrine. B. P. 150/100 mm. Hg. 

| Hemorrhagic diathesis, acute myelogenous leukemia. 

| Peritonitis, perforation of peptic ulcer, ‘‘alcoholic.”’ 

| Carcinoma of the lung. B.U.N. 93 mg.%. 

| Carcinoma of the stomach, 6 days after resection, pyelonephritis, liver insuffi- 

| ciency. B.U.N. 181 mg.%. Norepinephrine i.v. 


ied 
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| Heart Catechol 
Clinical and Laboratory Data: Autopsy Findings Amine Content 


pug./Gm. 


Carcinoma of the lung, 2 hours after resection, digitalized. Intracardiac epi- 0.3% 
nephrine. B. P. 165/95 mm. Hg. | 
W/M/53 | Sudden death, arteriosclerotic cardiovascular disease, ‘‘probable’’ acute myo- 0.5 
cardial infaret, pulmonary edema. 
W/F/51 Hemorrhagic diathesis, acute monocytic leukemia. 
W/M/38 | Contusions of brain, ethanol intoxication. (DOA). Interval between injury 
and death uncertain. 
W/F/38 Traumatic cerebral hemorrhage, fracture of skull, pulmonary congestion and | 
edema. (DOA). Interval between injury and death uncertain. 
W/M/48 | Electrocution. 
|\W/M/70 | Gangrene of gallbladder, 19 days postoperative. Pulmonary congestion and 
edema. Lower nephron nephrosis. B.U.N. 84 mg.%. Norepinephrine i.v. | 
B. P. 146/92 mm. Hg. 
W/F/56 Hemorrhagic diathesis with pericardial tamponade, chronic myelogenous leu- 
kemia. B.U.N. 55 mg.%. 
W/M/72 | Hemorrhage from esophageal varices, Laennec’s cirrhosis. 
W/M/72 | Acute pulmonary edema, carcinoma of the colon. B.U.N. 54 mg.%. 
W/M/79 | Carcinoma of the prostate, 3 days postresection, pulmonary congestion and 
edema. 
W/M/85 | Pneumonia, nodular hyperplasia of prostate with urethral obstruction, pye- 
lonephritis. B.U.N. 67 mg.%. 
W/F/41 Acute ethanol intoxication, pulmonary congestion and edema. 
C/M/65 Pneumonia, cerebral infarct. 
W/F/68 Peritonitis, peptic ulcer, 12 days after gastric resection. Norepinephrine i.v. 
W/F/29 Asphyxia due to convulsion, idiopathic epilepsy. Cerebral edema. (DOA). | 
W/F/50 Pneumonia, rheumatic pancarditis, chronic polyarteritis, severe arteriolar 
nephrosclerosis. 
C/F/4 Septicemia, acute lymphatic leukemia, multiple abscesses. 
W/M/22 | Head trauma, rupture of corpus callosum, 2 days after auto accident. 
W/M/71 | Pneumonia, giant cell carcinoma of thyroid, 9 days postoperative. Carcinoma | 
metastatic to lung. Pulmonary infarcts. 
W/F/70 | Uremia, arteriolar nephrosclerosis. B.U.N. 98 mg.%. Five weeks after cerebral | 
| thrombosis. 
W/M/43 | Shock, hemorrhagic diathesis, chronic myelogenous leukemia. 
W/F/41_ | Ventricular fibrillation, 4 days after hysterectomy for menorrhagia. B.U.N. 94 | 
| mg.%. Intracardiac epinephrine. B. P. 224/114 mm. Hg. 
W/M/76 | Peritonitis, carcinoma of colon. B.U.N. 81 mg.%. Norepinephrine i.v. Epi- | 
| nephrine i.m. 
W/M/67 | Uremia, prostatic hyperplasia with urethral obstruction. Laennec’s cirrhosis. | 
| B.U.N. 109 mg.%. 
W/M/38 | Encephalitis, pneumonia. B.U.N. 58 mg.%. 
\W/M/74 | Carcinoma of colon, 5 days after colostomy, pyonephrosis. B.U.N. 60 mg.%. | 
W/M/56 | Peritonitis, perforation of duodenal ulcer, carcinoma of the lung, pneumonia. 
W/M/45 | Trauma with multiple fractures, 5 days after auto accident. Fat emboli to 
brain and kidneys. Pneumonia. 
C/F/57 Hemoperitoneum, sarcoma botryoides, pulmonary edema. B.U.N. 50 mg.%. 
C/F/62 Subdural hematoma (probably spontaneous), ‘‘alcoholic.’’ 
W/M/59 | Cerebral hemorrhage. Tetraethyl ammonium chloride. B. P. 300/120 mm. Hg. 
W/F/65 | Pneumonia, carcinoma of breast, pleural effusion. 
W/F/54 | Peritonitis, postoperative shock. Two days after cholecystectomy for chole- 
lithiasis. Norepinephrine i.v. 
W/M/5 | Intraperitoneal hemorrhage, 3 days after resection for intussusception, chronic | 
| myelogenous leukemia, cerebral edema. 
W/M/42 | Myocardial edema suggesting beriberi heart disease, ‘‘alcoholic.”’ 
C/M/38 Traumatic cerebral contusion and hemorrhage, 12 days after auto accident, 
pneumonia, pulmonary edema. B.U.N. 60 mg.%. 
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TABLE 1.—Continued 


| Heart Catechol 
Amine Content 
pg./Gm. 


Clinical and Laboratory Data: Autopsy Findings 


76 |W/M/55 


| Pneumonia, chronic myelogenous leukemia, hydronephrosis, lower nephron 0.14 
nephrosis. B.U.N. 132 mg.%. 
\W/M/4 Interstitial pneumonia, sudden death at home. 
| mo. 
\W/M/36 | Acute myocardial infarction, severe arteriolar sclerosis suggests hypertension; 
history not available. (DOA). 
Hemorrhagic septicemia, probably meningococcal. 
Uremia, nephrosclerosis, congestive heart failure. B.U.N. 166 mg.%. B. P. | 
220/150 mm. Hg. 
Carcinoma of lung. 
Pneumonia, congestive heart failure. History of giant follicular lymphoma, | 
thyroidectomy. B.U.N. 114 mg.%. B. P. 190/100 mm. Hg. 
| Sudden traumatic death, hit by auto, ethanol intoxication. 
| Gastrointestinal hemorrhage, subacute duodenal ulcer. 
Klectrocution, adrenal hemorrhage. 
Traumatic sudden death, hemothorax, fall, old myocardial infarcts, (interval 
between fall and death 4 hour). 


\W/F/1}¢ 
C/M/42 


| 
W/M/69 
W/F/69 


C/F/32 
W/F/67 
W/F/6 
W/M/s0 


W/M/23 
W/F/31 
W/M/36 
\W/M/44 
sia. Intracardiae epinephrine. 
| Stillborn, premature. 

W/F/50 
mm. Hg. 
W/M/73 
W/M/66 
C/F/66 
W/M/44 


Pneumonia. B.U.N. 103 mg.%. 


| edema. 
W/F/28 
|W/F/27 
\W/M/66 
\W/M/54 


Carcinoma of lung. 
Peritonitis, infarct of intestine. 





prostate, carcinoma of kidney. 





amines and showing a marked elevation in the 
assay value demonstrate the validity of the 
method. In view of the rapid degradation of 
injected epinephrine,” it has been suggested 
that true assay values can be obtained only 
from tissue which is removed during life and 
immediately frozen with liquid nitrogen or 
similar freezing technic. Our cases show 
that appreciable activity remains several hours 
after death and can be recovered if the tissue 
is simply frozen in the deep freeze within 2 to 
6 hours after death. Unpublished data from 
this laboratory shows that tissue catechol amine 
degradation is quite slow until the tissue 
integrity is destroyed as by maceration in a 
Waring blender. 


| Cardiac arrest, hernia repair, obesity. Intracardiac epinephrine. B. P. 150/100 
| 


Acidosis, diabetes mellitus, pyelonephritis. B.U.N. 50 mg.%. 
| Chronic myelogenous leukemia. Serum bilirubin 27 mg.%. 
| Chronic alcoholism, delirium tremens. 
Acute pulmonary edema. Hypersensitivity reaction to nitrous oxide anesthe- | 


| 
| 


Cerebral hemorrhage, diabetes mellitus. 
Hemothorax, 1 day after resection for carcinoma of lung. 


| Hemorrhagic diathesis, acute monocytic leukemia, pulmonary congestion and | 


Head trauma, 30 days after auto accident, pulmonary congestion. 


Myocardial infarcts, old and recent. Chronic pyelonephritis, carcinoma of 


Although 21 cases (exclusive of those receiv- 
ing catechol amines by injection) showed 
elevated values, no consistent change was 
produced by any disease state. Septicemia and 
other severe infections as well as sarcoma and 
diabetes mellitus showed a moderate elevation 
in the mean value. However, the number of 
cases in each group was small. Stress as a 
stimulus to catechol amine production or re- 
lease has been considered. In this study, how- 
ever, hemorrhagic shock, mechanical trauma 
and other conditions associated with severe 
stress did not produce a consistent elevation in 
the tissue catechol amine concentration of the 
human heart. 

Heart Disease. Nineteen cases of heart disease 
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gave a mean tissue catechol amine concentra- 
tion of 0.35 ug. per Gm. of heart muscle. If 
these cases are separated into disease entities 
there were 11 cases of hypertension with a 
mean value of 0.30 ug. per Gm.; five cases of 
congestive heart failure with a mean value of 
0.16 wg. per Gm., and four cases of acute 
myocardial infarction with a mean value of 
0.25 wg. per Gm. Thus the cases of heart 
disease whether taken as a group or divided 
into disease entities showed a preponderance 
of values well within or below “normal” range. 
In fact, only three cases of heart disease (cases 
85, 88 and 95) showed elevated values. These 
results are not in agreement with the findings 
of Raab and Gigee* who report elevated mean 
values for cases of myocardial hypertrophy and 
congestive heart failure. The significance of the 
tissue catechol amine concentration remains 
speculative. At least in the normal person the 
major portion of the heart catechol amines is 
produced at the sympathetic nerve endings 
within the heart. The rates of local degradation 
and excretion remain indefinite. Thus the 
metabolism of the catechol amines could be 
increased despite a low tissue level. Certainly 
the demonstration of increased urinary catechol 
amine excretion in hypertension and myocardial 
infarction suggests an increased catechol amine 
metabolism in these conditions. Our studies 
contribute little to the problem of ventricular 
irritability. It is difficult to evaluate the only 
case of ventricular fibrillation (case 61) because 
of postmortem epinephrine injection. However, 
this assay value was the highest recorded in the 
series. 

Renal Insufficiency. In 12 cases the blood 
urea nitrogen ranged from 50 to 100 mg. per 
100 ml. The hearts from this group showed a 
mean tissue catechol amine concentration of 
0.43 wg. per Gm. There were six cases in which 
the blood urea nitrogen was elevated above 
100 mg. per 100 ml. The mean for the second 
group was 0.10 ug. per Gm. The highest value 
was 0.27 wg. per Gm. while all other values 
were below 0.14 ug. per-Gm. 

One might anticipate catechol amine reten- 
tion in renal insufficiency in view of the known 
renal excretion of these hormones.?? Our data 


show a slight mean elevation for the cases with 
a blood urea nitrogen between 50 and 100 mg. 
per 100 ml. However, most cases in this first 
group do not have a true renal insufficiency, 
but suffered from other disease states causing 
a mild extrarenal azotemia. On the other hand, 
cases with a blood urea nitrogen above 100 mg. 
per 100 ml. give a low mean value. Most cases 
of uremia showed a low value and not a single 
case exceeded the normal range. These findings 
do not agree with those of Raab and Gigee 
who found elevated values in the blood and 
hearts of patients with uremia. 

Adrenalectomy. Current data do not permit a 
definite conclusion as to the role played by the 
adrenal medulla in the production of catechol 
amines normally found in the heart. Case 7 
was totally adrenalectomized two months be- 
fore death. The presence of a slightly elevated 
heart catechol amine concentration at death 
shows that the adrenal medulla is not necessary 
for the maintenance of the heart catechol amine 
concentration. 

Our studies extending over a period of three 
years and including the 100 cases reported here 
and an additional 120 cases assayed by a dif- 
ferent method and to be reported later have 
failed to uncover a single case of sudden death 
which could be attributed to excessive myo- 
cardial catechol amine concentration. Although 
death can be caused by injection of massive 
quantities of catechol amines, still their signifi- 
cance in unexplained sudden death seems ques- 
tionable. Probably the circulating level of 
catechol amines never reaches the concentra- 
tion needed to cause death except perhaps in 
the case of pheochromocytoma. Surprisingly 
enough in cases of pheochromocytoma the 
circulating level of catechol amines is often 
quite high for many weeks, months, or years 
without causing death. 


SUMMARY 


The tissue catechol amine concentration of 
100 human hearts was determined by the 
aluminum hydroxide-arsenomolybdic — acid 
method. Intravenous injection of norepi- 
nephrine or intracardiac injection of epineph- 
rine caused a marked elevation in the tissue 
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itechol amine concentration of the heart. 
‘otal (bilateral) adrenalectomy did not reduce 
ie tissue catechol amine concentration of one 
art. Twenty-one cases showed significant 
‘levation of the tissue catechol amine concen- 
‘ation of the heart. However, no disease state 
roduced a consistent elevation of the assay 
alue. We were unable to show an elevation of 
he tissue catechol amine concentration of 
arts from cases of cardiovascular disease or 
remia, as previously reported. In fact, there 
vas a significant depression in the catechol 
mine concentration of the hearts from 5 of 6 
cases with uremia. 
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SUMMARIO IN INTERLINGUA 


Le histoconcentration de catechol-amina in 
100 cordes human esseva determinate per me- 
dio del methodo a hydroxydo de aluminium e 
acido arsenomolybdic. Injectiones intravenose 
de norepinephrina 0 intracardiac de epineph- 
rina non causava un marcate elevation del his- 
toconcentration de catechol-amina del corde. 
Bilatere adrenalectomia total non reduceva le 
histoconcentration de catechol-amina del corde. 
Vinti-un casos monstrava significative eleva- 
tiones del histoconcentration de catechol-amina 
del corde. Nonobstante, nulle stato morbose 
produceva un elevation regular del valores ob- 
tenite. Nos non suecedeva a demonstrar un 
elevation del histoconcentration de catechol- 
«mina del corde in casos de morbo cardiovascu- 
‘ar o de uremia, in contrasto con lo que esseve 
reviemente reportate per alteros. De facto, il 
iabeva un significative depression del histo- 
‘oncentration de catechol-amina del corde in 
‘inque inter sex casos de uremia. 
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Vectorcardiographic Notation 


By Ropert A. Heim, M.D. 


The method of viewing the frontal, sagittal and transverse vectorcardiographic planes is consid- 
ered from the standpoint of devising a uniform system of measuring angles on these planes. It is 
pointed out that care must be taken in the selection of oscilloscopic presentations to prevent in- 
consistency of the signs of the trigonometric functions of such angles. Two groups of oscilloscopic 


presentations are suggested, either of which permits angles to be measured in a clockwise direction 
from a reference axis of uniform position on each plane. 


T is highly desirable that universal agree- 
ment be reached concerning the use of 
certain terminology and notation in vec- 

‘oreardiography. Toward this end, the Com- 
mittee on Electrocardiography of the American 
Heart Association has recently recommended 
standard designations for vectorcardiographic 
axes and planes and uniform methods of dis- 
playing planar vectorcardiograms.' Briefly, in 
accordance with the Committee’s recommenda- 
tions, the three rectilinear coordinate axes of 
the body, transverse, longitudinal and sagittal, 
are to be designated by the symbols x, y and 
z, respectively. The three planes defined by 
these rectilinear coordinates, transverse, frontal 
and sagittal, are to be designated by the sym- 
bols xz, xy and yz, respectively. The frontal 
plane is to be viewed by an observer facing the 
anterior aspect of the upright subject. The 
sagittal plane is to be viewed by an observer 
facing the left lateral aspect of the upright 
subject. An alternate sagittal view, which the 
Committee deems less desirable, is from the 
upright subject’s right side. The transverse 
plane is to be viewed by an observer facing the 
head of the prone subject. An alternate, but, in 
the Committee’s opinion, less desirable trans- 
verse view, consists of having an observer face 
the feet of the supine subject. A diagram of the 
Committee’s preferred planar displays is il- 
lustrated in figure 1. 

The Committee devotes considerable space 
to a consideration of the concept of polarity in 
that portion of its report dealing with vector- 


From the Cardiae Laboratory, Cincinnati General 
Hospital and the Department of Internal Medicine, 
College of Medicine, University of Cincinnati, Cin- 
‘innati, O. 


cardiography.' Much of the confusion concern- 
ing polarity, heretofore apparent in vector- 
cardiographic literature, can be avoided in the 
future if this section is carefully read by all 
investigators in this field. The writer is in full 
agreement that the movement of the cathode 
ray during vectorcardiographic — recording 
should be defined by designating the deflection 
plates of the oscilloscope in accordance with the 
anatomic aspects of the subject to which they 
are connected, and that such a definition does 
not involve consideration of polarity. Never- 
theless, as will be pointed out in detail later, 
the concept of polarity emerges indirectly as 
the result of the necessity of dealing with the 
signs of the trigonometric functions of an angle 
formed by a vector, located in one of the vari- 
ous quadrants of a plane. 

To date, the Committee has published no 
recommendations concerning the manner of 
measuring and designating angles on the three 
planes. The method of making such measure- 
ments on the frontal or xy plane has been 
firmly established by Einthoven, and others 
since, who have measured a positive angle, 
alpha, by rotating a vector clockwise* about the 
z% axis, the (subject’s) left end of the x axis 
being designated as 0 degrees. Such a vector 
may be rotated through 360 degrees to avoid 
the use of negative angles, or it may be rotated 
either clockwise or counterclockwise from the 


* The conventional mathematical rotation of such 
a vector is in a counter-clockwise direction. Kintho- 
ven reversed this convention in order that the ma- 
jority of QRS and T vectors might fall in the first 
rather than in the fourth quadrant. Bayley? advo- 
cated a return to the conventional notation, but his 
suggestion has not been generally accepted. 
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Fic. 1. Vectoreardiographic views advocated and 
preferred by the Committee on Electrocardiography 
and Vectoreardiography of the American Heart 
Association. 


(-90°)| 270° 


Quadront | Quadrant 


sua Ww 


Quadrant | Quadrant 


0 


90° 


Fic. 2. Clockwise method of measuring angles, first 
applied by Einthoven to the frontal plane. See text. 


left end of the x axis, designated as 0 degrees, 
to the right end of the x axis, designated as 
+180 degrees. These manipulations may be 
clarified by superimposing figure 2 on the 
frontal plane view illustrated in figure 1. 
Parenthetically, it should be mentioned that 
the author, with Fowler, devised a method of 
measuring angles on all three planes in order 
to study certain vectorcardiographic data 
statistically. This method, described in detail 
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Post 


inf 
FRONTAL SAGITTAL 


Fic. 3. Diagram of vectors, one of which extends 
into each octant. See text and table 1. 


elsewhere,’ was chosen because it permitted a 
separate coordinate axis to be used for the 
reference or 0 degree axis of each plane. 
Although this reference notation did not in- 
volve inconsistencies of the signs of trigono- 
metric functions, it is the writer’s present 
opinion that the lack of a uniform position for 
the reference or 0 degree axis in the three 
planes is undesirable. 

“aced with the problem of designating angles 
on planes other than the frontal, most vector- 
cardiographers superimpose figure 2 on such 
planes whether the latter be viewed from left 
or right (sagittal) or from head or foot (trans- 
verse). Let us consider the Committee’s 
preferred presentations of the three planes il- 
lustrated in figure 1, when figure 2 is super- 
imposed on each. Each plane is then divided 
into quadrants and, as a result, the spatial 
coordinate frame is divided into octants in- 
volving all possible combinations of the three 
pairs, right and left, superior and inferior, and 
anterior and posterior. Let us assume that a 
vector is directed from the point of intersection 
of the coordinate axes into each of the octants. 
These vectors are numbered 1 through 8 in 


7 The general method of deriving the equations 
given in that paper* are not dependent upon this spe 
cific notation. The equations can easily be modified 
to conform to any notation chosen. 
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{gure 3 and in table 1. The octant into which 
ich of the eight vectors is directed, is desig- 
ated by the appropriate symbols in the second 
jumn of table 1. It should be noted from 
gure 3 that each quadrant of each plane con- 
iins two vector projections. Although up until 
he present point in the discussion, nothing has 
een said or implied concerning polarity of the 

y, and z coordinate axes, it is no longer 
ossible to avoid a consideration of polarity. 
‘he magnitude and direction of a vector, lying 
1 the first quadrant (0 to 90 degrees) of a 
lane, is defined in terms of its two rectilinear 
oordinates, both of which must be positive. 

‘imilarly, a vector in the third quadrant (180 to 

270 degrees) is defined in terms of coordinates 
vhich are both negative. For a vector in the 


TABLE 1.—Discrepancy of signs resulting from ap- 
lication of Einthoven’s frontal plane convention to the 
agittal and transverse planes of figure 1 


Frontal and Sagittal Transverse 


Location* of 


Vector Wartar 


L,1,P | 
R, 8, A | 
L,1,A | 
R, 8, P 
R, 1, P 
L, 8, A 
A 
P “ 


*L = left, R = right, I = inferior, S = superior, 
) = posterior, A = anterior. 


TRANSVERSE 


Inf. 
FRONTAL SAGITTAL 


second quadrant (90 to 180 degrees), one co- 
ordinate is positive and the other negative, 
and these conditions are completely reversed 
for a vector in the fourth quadrant (270 to 360 
or 0 degrees). These are inescapable facts 
based upon well established geometric and 
trigonometric conventions. In fact, the signs of 
the trigonometric functions are wholly de- 
pendent upon the quadrant occupied by the 
rotating vector forming the angle. From these 
considerations the signs of the x, y and z co- 
ordinates defining each of the eight vectors, 
one in each octant, are listed in table 1, based 
on the quadrants of the frontal and sagittal 
planes occupied by the vector projections. 
Finally, in the last two columns of table 1 are 
listed the signs of the x and z coordinates based 
on the quadrants of the transverse plane oc- 
cupied by each of the vector projections. It 
should be noted that there is a complete dis- 
crepancy between the signs of the z coordinates 
based upon the frontal and sagittal planes on 
the one hand and upon the transverse plane on 
the other. 

How may this mathematic invalidity be 
circumvented? If the method of viewing the 
planes (fig. 1), preferred by the Committee, is 
to be retained, there is only one general solu- 
tion. The method of measuring Einthoven’s 
angle alpha, so well established for the frontal 
plane, must be sacrificed in at least one of the 
two remaining planes. Thus, either of the 
changes illustrated in figure 4A or in figure 4B 
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Fic. 4. Modification of method of making angular measurements to prevent inconsistency of trigo- 
nometric signs. See text. 
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Fic. 5. Modification of method of viewing planes to prevent inconsistency of trigonometric signs. 


See text. 


would correct the discrepancy of sign noted in 
table 1. 

Although the notations depicted by figures 
4A and B are mathematically valid, they are 
quite objectionable from the standpoint of 
symmetry of presentation. It would be most 
desirable to measure all angles in a uniform 
direction of rotation from a reference axis of 
uniform position in all three planes. To ac- 
complish this feat in the simplest manner 
possible, the position of the observer of the 
sagittal plane in figure 44 may be rotated 180 
degrees about the y axis. Similarly, the po- 
sition of the observer of the transverse plane 
in figure 4B may be rotated 180 degrees about 
the x axis. Thus, figure 5A differs from figure 
4A in that the sagittal plane is viewed from the 
upright subject’s right side rather than from 
his left side. Figure 5B differs from figure 4B 
in that the transverse plane is viewed from the 
feet of the supine subject rather than from the 
head of the prone subject. A table similar to 
table 1 could be constructed for either figure 


5A or B, without encountering any discrepancy 
of sign.* Either group of oscilloscopic presenta- 


* Unlike the notation previously used,*? the axes 
of the oscilloscopic presentations illustrated in figures 
5A and B (as well as in figs. 4A and B) do not consist- 
ently form either a right-handed or a left-handed 
frame (see Braunstein,‘ fig. 1). However, the author 
can envisage no practical difficulty arising from this 
discrepancy and considers that the convenience of a 
uniform position of the reference axis, and of a uni- 
form direction of angular measurement, greatly out- 
weighs any theoretic objection to it. 


tions could be chosen as standard without 
invalidating any of the Committee’s recom- 
mendations,! for it is obvious that in figures 5A 
and B, respectively, the Committee’s alternate 
sagittal and transverse views are utilized. 
However, one minor alteration of the Com- 
mittee’s recommendations might be suggested. 
It would seem desirable to designate the 
reference or 0 degree axis for measuring angles 
on a given plane by listing the symbol for that 
axis initially in the double symbol nomencla- 
ture of planes. Thus, in both figure 5A and B 
(as well as in fig. 4A and B) the frontal, 
sagittal and transverse planes might preferably 
be designated respectively as xy, zy and xz, 
rather than as xy, yz and xz, suggested by the 
Committee. 
SUMMARY 


In the writer’s opinion, it is highly desirable 
that angles be measured in a uniform direction 
of rotation on the frontal, sagittal, and trans- 
verse vectorcardiographic planes and that the 
reference or 0 degree axis be located in a uni- 
form position on each of these planes. Further- 
more, it would be most desirable to retain 
Einthoven’s_ well-established frontal plane 
convention of a clockwise direction of rotation 
for a positive angle with the reference or 0 
degree axis corresponding to the (subject’s) 
left end of the x axis, i.e., lead I in Einthoven’s 
scheme. It is pointed out that the oscilloscopic 
views advocated and preferred by the Commit- 
tee on Electrocardiography and Vectorcardi- 
ography of the American Heart Association 
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ire mathematically incompatible with the 
‘xtension of Einthoven’s frontal plane conven- 
ion to both the sagittal and transverse planes. 
See fig. 3 and table 1.) However, if an alternate 
agittal or transverse plane presentation, either 
if which is permitted but not preferred ac- 
ording to the recommendations of the Com- 
nittee, is selected, Einthoven’s frontal plane 
‘onvention may be applied to these planes 
vithout any discrepancy of trigonometric sign. 
‘or this reason, it is suggested that one or the 
ther of the groups of oscilloscopic presenta- 
ions illustrated in figure 5A or B be considered 
or universal adoption. If either is chosen, it is 
urther suggested that the frontal, sagittal and 
ransverse planes be represented respectively 
by the symbols xy, zy and xz, in order that the 
irst term of the paired symbols might desig- 
nate the reference axis of the respective plane. 


SUMMARIO IN INTERLINGUA 


Le methodo de visualisar le planos vecto- 
cardiographic frontal, sagittal, e transverse es 


considerate in connexion con le problema de 
elaborar un systema uniforme pro le mesuration 
de angulos in le planos mentionate. Es signa- 
late le necessitate de grande attention in seliger 
presentationes oscilloscopic, a fin de prevenir 
inconsequente signos in le functiones trigono- 
metric de tal angulos. Nos propone duo gruppos 
de presentationes oscilloscopic. Ambes permitte 
le mesuration de angulos in un direction dex- 
trorse ab un axe de base con position uniforme 
in omne planos. 
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Hemolytic Syndrome Following the Insertion 
of a Lucite Ball Valve Prosthesis into the 
Cardiovascular System 


By FREDERICK STOHLMAN, Jr., M.D., Stantey J. SArNorr, M.D., Ropert B. Case, M.D. 
AND ArtTHUR T. Ness, Px.D. 


Permanent bypass of the aortic valve was accomplished in the dog by placing a lucite conduit con- 
taining a Hufnagel valve between the left ventricular apex and thoracic aorta. Red cell destruction 
was produced by the valve in this position and was accompanied by hemoglobinemia, hemoglo- 
binuria, anemia, reticulocytosis and renal hemosiderosis. Red cell survival, as determined with 


Cr*!, was markedly shortened. 


HE development of a lucite ball valve 

prosthesis by Hufnagel’ has made pos- 

sible significant advances in the field of 
vardiac surgery. This prosthesis originally was 
inserted in the thoracic aorta distal to the left 
subclavian artery in an effort partially to correct 
the regurgitation of aortic insufficiency. More 
recently an operation for the correction of an 
artificially induced aortic stenosis in the dog 
with a prosthesis containing such a lucite ball 
valve* has been described by Sarnoff, Donovan, 
and Case.? The prosthesis was inserted between 
the apex of the left ventricle and the thoracic 
aorta. Following this procedure the cardiac 
output (minus coronary flow) enters the aorta 
via the apical-aortic anastomosis. During the 
course of postoperative studies it was noted 
that these dogs developed hemoglobinemia, 
hemoglobinuria, and anemia. Preliminary 
observations have been reported elsewhere.* 
In this paper observations on the red blood 
cell destruction occurring after insertion of the 
lucite ball valve prosthesis are reported. 


METHODS AND MATERIALS 


Studies have been carried out on a total of 15 
dogs; in 8 dogs throughout their postoperative 

From the Laboratory of Pathology and Histochem- 
istry of the National Institute of Arthritis and 
Metabolic Diseases and the Laboratory of Cardio- 
vascular Hemodynamics, National Heart Institute, 
National Institutes of Health, Public Health Service, 
Department of Health, Education, and Welfare, 
Bethesda, Md. 

* Made by Mr. Carl Hewson, Brunswick Manu- 
facturing Co., Roxbury, Mass. 


course and in 12 dogs at periods from one to 1( 
months postoperatively. The dogs weighed from 16 
to 25 Kg. The description of the prosthesis and tech- 
nic of insertion has been published previously? 
Hematocrits were determined by the method of 
Strumia* and reticulocytes were stained with new 
methylene blue,® and enumerated as described by 
Brecher and Schneiderman.* Plasma hemoglobin 
was determined by the method of Bing and Baker.’ 
Normal values in this laboratory are 40 to 55 per 
cent for the hematocrit and 0.1 to 0.7 per cent for 
the reticulocyte count. Plasma hemoglobin, collected 
in the manner used in this study, was found to be 
up to 20 mg. per 100 cc. in control dogs. Significance 
was not attributed to plasma hemoglobin levels of 
less than 30 mg. per 100 ec. Urine was tested for 
hemosiderin with the Prussian-blue reaction. The 
methods employed in the estimation of red cell sur- 
vival with Cr® following auto- and homo-transfu- 
sion and the data on which normal values in the 
dog are based are given elsewhere.’ Donors and re- 
cipients were compatible for the known canine ag- 
glutinogens.?® 


RESULTS 

All 15 dogs studied showed evidence of 
increased red cell destruction following the 
introduction of the lucite ball valve prosthesis 
in the apical-aortic position. 

(1) Changes in Hematocrit, Reticulocyte 
Count, and Plasma Hemoglobin During the Post- 
operative Period. Eight dogs have been followed 
for 5 to 84 days after operation. The changes 
shown in figure 1 are representative of the 
ranges encountered in this group. In the first 6 
to 10 days, a sharp decline in hematocrit 
occurred in all dogs except dog 15 (fig. 1). 
Thereafter the course varied. In two dogs, the 
hematocrit rose briefly and then declined to 
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Fic. 1. Changes in hematocrit, reticulocytes, and 

jlasma hemoglobin during the immediate postoper- 

itive period after insertion of an apical-aortie anas- 
omosis containing a lucite ball valve. 
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Fig. 2. The course of the anemia in four dogs 
following insertion of an apical-aortic anastomosis. 
Dog 17 subsequently had a further decline in hemato- 
crit and required transfusions. 
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Fig. 3. The course of the anemia 5 to 10 months 
fter insertion of the apical-aortic anastomosis. 


levels of 20 to 25. These dogs subsequently 
required transfusion for survival (dogs 10 and 
17, fig. 2). In two other dogs the hematocrit 
stabilized between 30 and 35. One dog showed 
a return to normal values (dog 13, fig. 2). Two 
dogs died after operation, one on the fifth day 
and the other on the twelfth, with hematocrits 
of 33 and 17, respectively, (dog 16, fig. 1). 

Reticulocytosis became apparent on the 
third to the fifth day in all eight dogs studied. 
There was a close correlation between the 
severity of anemia and the degree of reticulo- 
cytosis (figs. 1, 2 and 3). 

Striking hemoglobinemia and hemoglobi- 
nuria, indicating intravascular hemolysis, were 
observed in all dogs. Maximum plasma hemo- 
globin levels varying from 180 to 800 mg. per 
100 ec. were observed on the first or second 
postoperative day in the six dogs in which it 
was determined. 

In addition to the studies mentioned above, 
a simple 2-inch lucite tube was substituted for 
a segment of thoracic aorta in four dogs. A 
slight and transient reticulocytosis and fall in 
hematocrit, compatible with blood loss incident 
to operation, were observed following this 
procedure. Plasma hemoglobin levels remained 
below 10 mg. per 100 cc. 

(2) Long Term Observations on the Course of 
Anemia. The course of the anemia in seven 
dogs for periods up to 10 months are shown in 
figures 2 and 3. These are representative of the 
12 dogs so studied. It is evident that red cell 
destruction by the valve continued over the 
period of observation and that there was a 
considerable variability in this phenomenon. 
Reticulocyte values remained elevated above 
the normal of 0.1 to 0.7 per cent even in those 
dogs in which the hematocrit had returned to 
normal. Transfusion has been required (figs. 
2 and 3) at frequent intervals to maintain three 
of the dogs studied. 

In those dogs with more severe hemolytic 
states, plasma hemoglobin values ranging from 
75 to 280 mg. per 100 cc. were observed through- 
out the period of study. In those dogs whose 
hematocrits were above 35, intermittent hemo- 
globinemia has been observed with values 
ranging up to 75 mg. per 100 cc. Gross hemo- 
siderinuria has been observed in all dogs. 
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Fig. 4. Iron stain of the kidney of a dog nine 
months after the insertion of the apical-aortic 
anastomosis. The dark staining material in the 
tubules is iron. 


Three dogs died nonrenal deaths during the 
period of study and a fourth died of unknown 
causes. In these four dogs, whose hematocrits 
were 20, 22, 37 and 45, heavy deposits of 
hemosiderin were found in the kidney, prima- 
rily in the proximal convoluted tubule (fig. 4). 

(3) Red Cell Survival. Shortened red cell 
survival furnished further evidence of hemol- 
ysis. Survival of normal red cells from a single 
compatible donor was studied in six dogs at 
periods of three weeks to seven months follow- 
ing insertion of the prosthesis. Hematocrit 
values in these animals ranged from 20 to 47. 
In figure 5, the survival of normal donor cells 
in four of these animals is shown. The survival 
of red cells in the two other dogs was almost 
superimposable on the curves of dogs 1 and 
3. It is evident that there is marked shortening 
of survival, the apparent half time varying 
from 3 to 10 days as compared with the normal 
value of 21 to 30 days (8). Estimates of the 
rate of random loss of Cr*! per day from hemol- 


SURVIVAL OF NORMAL Cr5! TAGGED RED 
CELLS FOLLOWING TRANSFUSION INTO 4 DOGS 
WITH A LUCITE APICAL-AORTIC ANASTAMOSIS 
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Fig. 5. Red cell survival in four dogs determined 
three weeks to seven months after insertion of the 
apical-aortic anastomosis. Cr*! values are plotted on 
a semilogarithmic scale. 


TaBLE 1.—Correlation of Red Cell Survival, 
Hematocrit and Reticulocyte Count in Six Dogs with a 
Lucite Apical-Aortic Anastomosis 


Reticulocyte 
Count 
% 


Apparent Crit - 
: H t 
Half-time emAsOCEE 


Days 70 


Dog No. 


21.0 15.0 
25.0 9.6 
34.5 3.5 
30.8 8.2 
39.8 4. 
48.5 1.25 


—_ 
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Hematocrit and reticulocyte count are expressed 
as mean values during the period of study of red cell 
survival. 


ysis and elution ranged from 7 to 25 per cent. 
Normally there is an elution of 1 to 2 per cent 
of the remaining Cr*! from the surviving cells.’ 
Red cell survival following autotransfusion was 
also shortened in the three dogs so studied. 
From these data it is clear that, on the average, 
the rate of red cell destruction was increased 
several fold. 
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As might be expected there was a correlation 
vetween the severity of the anemia and the 
hortening of apparent red cell half time (table 
). This relationship is consonant with the 
‘vidence presented in the foregoing sections, 
1amely that the anemia is a consequence of 
hortened red cell survival. 


DISCUSSION 


An increased rate of red cell destruction has 
een found in all dogs following the insertion 
f a lucite apical-aortic anastomosis containing 
. Hufnagel ball valve. The evidence for hemol- 
vsis has consisted of a postoperative fall in 
hematocrit, reticulocytosis, and a shortened 
red cell life span, accompanied by hemo- 
elobinemia, hemoglobinuria, and hemosiderin- 
uria. There were also heavy tubular deposits of 
hemosiderin in the kidneys. The degree of 
hemolysis has varied in severity. Where the 
hemolytic process was relatively mild, the in- 
creased rate of production of red cells was 
sufficient to compensate for the hemolysis 
and the hematocrit returned to normal follow- 
ing the initial decline. In the others anemia 
has persisted accompanied by marked reticu- 
locytosis, hemoglobinemia, and in some in- 
stances, hemoglobinuria. 

There is little doubt that hemolysis in these 
animals is related to the prosthesis. It appears 
likely that red cells traumatized by contact 
between the rigid ball and rigid valve housing 
are damaged or destroyed. Since hemoglo- 
binemia is present, it is evident that many of 
these are destroyed intravascularly; perhaps 
others suffering less damage at the time of 
impact may be removed extravascularly. The 
possibility was considered that chemical 
injury to the red cell resulting from contact 
with some constituent of the plastic accounts 
for the hemolysis. However, the results of 
studies on dogs following the insertion of a 
simple lucite tube in the aorta are inconsistent 
with the latter explanation. 

Many factors undoubtedly play a role in 
establishing the rate of hemolysis in an indi- 
vidual dog. Older cells which are mechanically 
more fragile,!° are undoubtedly destroyed more 
rapidly and this at least in part may account 
for the peak hemoglobinemia occurring in the 


immediate postoperative period. Subsequently 
there are few cells greater than 50 days old and 
difference in fragility, due to age of cells, is 
probably of less importance. The difference in 
survival of blood from a single donor in six 
recipients with valves would seem to exclude 
the inherent fragility of the red cell as a sig- 
nificant factor. 

Other factors, such as the magnitude and the 
rate of change of the pressure gradient across 
the valve, which determine the impact force of 
the ball, are of greater significance. When the 
conventional Hufnagel valve is placed in the 
descending aorta for the treatment of aortic 
insufficiency, it may be expected that the 
impact force of the ball will be less, and thereby 
the extent of hemolysis correspondingly 
diminished. Nevertheless a fall in hematocrit 
was noted by Rose and coworkers!! in nine 
patients in whom the conventional Hufnagel 
valve had been inserted for aortic regurgita- 
tion. The hematocrit on an average fell to 34.8 
from a preoperative level of 41.5. It is likely 
that these were not the lowest hematocrits 
exhibited by these patients since these values 
were determined between the fourteenth and 
thirty-sixth postoperative day (average 24.2). 
It is a safe assumption that by the fourteenth 
day increased red cell production had already 
begun to compensate for the induced anemia 
(fig. 2). Alterations in plasma volume were not 
responsible for the lowered hematocrits since 
in those patients there was no significant 
change of plasma volume. It seems reasonable 
to suggest on the basis of the present report 
that an increased rate of red cell destruction 
may be responsible for at least a part of the 
postoperative decline in hematocrit. 

It has recently been made clear! that one of 
the important compensatory responses to 
anemia is coronary vasodilation and a conse- 
quent increase in coronary flow to provide the 
oxygen required by the myocardium. It was 
also demonstrated that, in the presence of 
coronary insufficiency, degrees of anemia which 
are ordinarily well tolerated by the myocardium 
depress myocardial function. The frequency 
with which angina pectoris presents itself as a 
prominent part of the symptom complex in 
aortic regurgitation together with the known 
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low aortic diastolic (coronary perfusion) 
pressures make it very likely that coronary 
insufficiency is an important component in 
this disease. It is suggested, therefore, that in 
these patients even slight degrees of anemia be 
arefully avoided.'* This should be particularly 
watched for in the immediate postoperative 
period after the placement of the Hufnagel 
valve, especially since coronary perfusion 
pressure is substantially decreased following 
this procedure." *.'6 Put in other terms, the 
coronary vessels should not be required to 
dilate in response to anemia, whatever the 
cause may be, when in all likelihood, they are 
already maximally dilated because of the low 
coronary perfusion pressure. 

Data collected subsequent to the investiga- 
tions cited above appear to clarify certain 
aspects of the overall problem. Some of the 
apical-aortic prostheses which had been used 
in the above experiments were segmented so as 
to obtain conventional Hufnagel valves. These 
were then placed in the thoracic aorta below 
the left subclavian artery in dogs in which 
moderate aortic insufficiency had been pro- 
duced.* In 3 of the 5 dogs studied there was a 
mild increase in the rate of red cell destruction. 
In these dogs the insufficiency proximal to the 
valve was moderate whereas in those with the 
apical-aortic by-pass there was virtually com- 
plete insufficiency proximal to the valve. Thus, 
the position of the ball-valve in large measure 
determines its effect on the survival of red 
cells. Presumably, the degree of insufficiency 
which determines the rate of change of the 
pressure gradient across the valve and, there- 
fore, its velocity and impact force upon seating, 
is the determining factor. The rate of change 
of the pressure gradient across the valve and 
the consequent impact force of the ball would 
be even greater in the atrioventricular position. 

The above data do not in any way constitute 
a contraindication to the use of the lucite ball- 
valve prosthesis in the conventional Hufnagel 
position provided that the immediate post- 
operative decline in hematocrit be avoided. 
They do, however, strongly suggest that the 





* The authors gratefully acknowledge the assist- 
ance of Drs. I. K. R. McMillan and Joseph Roshe in 
connection with this aspect of the investigation. 


lucite ball-valve is unsuitable for use in direct 
continuity with cardiac chambers. 

More recent efforts have been devoted to 
the development of an elastic silicone valve! 
in the hope that the more resilient housing 
would absorb some of the impact force of the 
ball. The data thus far are encouraging and 
indicate a substantial decrease in red cell 
destruction to a level which may be satis- 
factory for clinical use in the apical-aortic 
position.!® 


SUMMARY 


The insertion of a lucite prosthesis containing 
a Hufnagel ball valve between the apex of the 
left ventricle and the thoracic aorta has led 
to the development of an anemia, accompanied 
by hemoglobinemia, hemoglobinuria, hemo- 
siderinuria and a markedly shortened red cell 
life span. The hemolytic process apparently re- 
sults from mechanical trauma to the red cells by 
the impact of the rigid ball against the rigid 
valve housing. Such a valve is not suitable for 
use in direct continuity with the cardiac 
chambers. 


SUMMARIO IN INTERLINGUA 


Le placiamento del valvula aortic in deriva- 
tion permanente esseva effectuate in canes per 
le installation de un conducto de Lucite, conti- 
nente un valvula de Hufnagel, inter le apice 
sinistro-ventricular e le aorta thoracic. Le 
valvula causava destruction de erythrocytos. 
Isto esseva accompaniate de hemoglobinemia, 
hemoglobinuria, anemia, reticulocytosis, e 
hemosiderosis renal. Le superviventia del 
erythrocytos, determinate per medio de Cr*!, 
esseva marcatemente reducite. Un tal valvula 
non es usabile in continuitate directe con le 
cameras cardiac. 
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A Two-Dimensional Ballistocardiographic 
Study of the Relation of Body Size to 
Ballistic Amplitude in Children 


By Gwenbotyn L. Morris, M.D. ano MEtvinie I. Sincrer, M.D. 


Simultaneous longitudinal and transverse ballistocardiograms were obtained from 20 normal boys 
and 20 normal girls ranging in age from 4 to 15 years. A highly significant correlation was found 
to exist between body surface area and the basal mean IJ amplitude. 


NONSIDERABLE doubt has existed in 
regard to the value of the ballistocardio- 
gram for determining cardiac output. 

The formulas in use at the present time assume 
that the stroke volume is roughly proportional 
to the amplitude of the IJ segment. Taylor and 
Tiede! concluded that the high-frequency bal- 
listocardiogram is measuring something only 
indirectly related to the cardiac output, since 
the results of their study indicated that the 
instrument gives estimates of cardiac output 
which do not distinguish between large and 
small individuals. In a recent publication, 
Morris and Braunstein? were able to demon- 
strate a significant correlation between body 
surface area and I,J amplitude in a group of 41 
normal male adults. The mean body surface 
area of this group was 1.85 square meters with 
a standard deviation of 0.14. Having found that 
this relationship existed for adults, we were 
interested in obtaining high-frequency basal 
ballistocardiograms from children to determine 
whether or not such a significant correlation 
existed for individuals of small body size. 
With the exception of studies of coarctation 
of the aorta, little material has been published 
in regard to ballistocardiograms obtained from 
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children. We have been interested in evaluating 
the usefulness of the ballistocardiograph in the 
study of congenital heart disease, particularly 
in children with shunts such as patent ductus 
arteriosus and septal defects. This study is in 
progress at the present time. However, it is first 
necessary to establish normal standards for the 
young age group. 


MATERIAL AND METHOD 


The subjects tested in this study were taken 
from the wards of the Children’s Hospital of Cin- 
cinnati and the pediatric wards of the Cincinnati 
General Hospital. The 40 children who constitute 
the study group had been admitted to the hospitals 
for elective surgical procedures or medical illnesses. 
Ballistocardiograms were obtained only after all 
evidence indicated that recovery was complete. All 
the children in the study were found free of cardiac 
or respiratory disease as indicated by normal physi- 
cal examination, chest x-ray films, electrocardio- 
grams, and hematologic determinations. 

The 20 boys in the study group ranged in age 
from 5 to 15 years. The 20 girls who were studied 
ranged in age from 4 to 14 years. 

Simultaneous longitudinal and transverse records 
were taken on a high-frequency ballistocardiograph 
which has been described in previous publications.* 
All the tracings were taken with the subjects in the 
postabsorptive state and after they had rested for 
15 minutes upon the table. 

The average IJ amplitude was determined by 
measuring and averaging the IJ amplitude from 
three consecutive respiratory cycles of the longi- 
tudinal tracings. Observed cardiac force, expected 
vardiac force and critical ratio were determined for 
each subject according to the formulas devised by 
Starr. 

Body surface area was determined on the basis 
of height and weight using a nomogram based on 
the formula of DuBois.® 
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TaBLe 1.—Data Obtained from 20 Normal Boys _ 


| | Aves Cardiac Force | 
Height | Weight |B.S.A.|*¢ UJ] - | Criti- 
(inches )| (Ibs.) | (M,2) | ‘pl | 
tude | 

| 


Subject | Age | cali 
Ex- | Ratio 
| pected | 


served 
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.G.P. | 12 | 57.50 | 77.50 | 
2. L.D. 48.50 | 50.00 | 
3. D.F. 45.00 | 46.50 | 
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82 
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-53 
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re 


22. 
19. 
10. 


neooemeanKrownrirne 
NUrmrwrneom 


“10 th wm 


a 


Tasie 2.—Data Obtained from 20 Normal Girls 


—= 
Aver. | Cardiac Force | 
Height | Weight |B.S.A. en = ae 
(inches)) (Ibs.) | (M2) S me. | teeth 
% | pected 


Subject (Age Am 
pli- 
tude 2 


51.12 -O1 | 9.55 |19.30 | 10.48 
56.00 28 |10.63 [21.80 | 16.85 
58.25 bs 22 | 7.28 |15.00 | 15.44 
50.50 60 | 5.16 7.89 | 
18.00 16.00 8.83 
52.75 .80 | 11. 
53.00 i .04 il. 
63.50 j 55 
¢ ‘ 18.00 : 94 
10. 56.50 | 71. 
i. 18.50 | 44. 84 
12, 3 | 57.00 | 64. ae 
13. . | 13 | 59.00 | 77.25 | 1.23 
14. ; 14.25 | 34.25 | 0.74 
15. a 39.00 35.00 | 0.65 
16. ; 00 | 128.00 | 1.56 [12.07 |: 
17. : 36.00 | 33.50 | 0.60 | 3.67 
18. f .00 | 82.50 | 1.26 | 9.72 
19. .50 | 93.00 | 1.37 [12.25 
20. J 9 48.00! 55.00 | 0.92 | 6.00 1 
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Body Surface Area 


Males Females 


Basal long. LJ amplitude....} 4.4525* | 3.3150F 


*p < 0.001 
70.01 < p > 0.001 


RESULTS 
The results obtained from the 20 normal boys 


are listed in table 1 and the results obtained 
from the 20 normal girls are listed in table 2. 


BODY SURFACE AREA (M*) 
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Fic. 1. The average IJ amplitude as measured 
from the ballistocardiograms of 20 normal boys are 
recorded as dots on the above graph. The solid line 
represents the predicted IJ amplitude and the broken 
lines represent the upper and lower fiducial limits at 
the 10 per cent level. 


BODY SURFACE AREA (M®) 
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Fic. 2. The above graph represents the IJ ampli- 
tude data as obtained from the 20 normal girls and is 
recorded in the same fashion as in figure 1. 


The results of the ¢ test for evaluating the 
regression of average IJ amplitude on body 
surface area for both groups are tabulated in 
table 3. It is to be noted that a highly significant 





RELATION OF BODY SIZE TO BALLISTIC AMPLITUDE 
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Fic. 3. B. M. is a 4 year old girl with a body sur- 
face area of 0.65 square meters. The wave pattern is 
normal, and the low amplitude of the ballistic waves 
is in accord with the subjects small body size. 


correlation exists between average IJ amplitude 
and body surface area. The observed cardiac 
force as listed in tables 1 and 2 is equal to 
approximately twice the average IJ amplitude 
and would correlate similarly to body surface 
area. 


Regression equations were used to determine 
the predicted average IJ amplitude. The results 
are seen in figures 1 and 2. 


DISCUSSION 


Scarborough’s® study of 165 normal men and 
77 normal women demonstrated a significant 
difference in IJ amplitude (mean, inspiratory 
and expiratory) of the men and of the women. 
It has been assumed that this difference in IJ 
amplitude is a result of the difference in body 
size. Considering the two groups separately, 
Scarborough was not able to demonstrate a 
correlation between body surface area and IJ 
amplitude. Using data obtained from Starr on 
100 normal subjects, Scarborough obtained 


results similar to those of his own study, con- 
cluding that surface area has little influence on 
IJ amplitude. 

The results of our present study indicate a 
close relationship between body surface area 
and IJ amplitude. However, the data obtained 
from the two groups cannot be combined. The 
boys and girls with small surface areas have 
similar IJ amplitudes. Although the mean body 
surface areas for the two groups are nearly the 
same, being, respectively, 1.02 and 1.07, the 
mean IJ amplitude of the girls is 75 per cent 
that of the boys. With increase in surface area, 
the difference is progressively greater. Ob- 
viously, this difference is not a function of body 
size. We have no explanation for the difference 
in IJ amplitude of the two sexes, for with the 
same surface area, the heart mass and length 
of the great vessels should be similar. 

The calculation of “cardiac force’’ requires 
fewer measurements than does determination 
of the mean IJ amplitude. If the respiratory 
variation is normal, the average IJ amplitude 
will be equal to approximately one-half the 
“cardiac force,”’ as can be seen in tables 1 and 2. 
To reduce the number of measurements re- 
quired, ‘cardiac force’ may be calculated, 
divided by two and then substituted in figures 
2 or 3 for comparison with the results obtained 
in our study. However, the results of our study 
are concerned with 40 cases, a number too 
small to be used as normal standards. 

The results of our present ballistocardio- 
graphic study of 40 children together with the 
previous study of Morris and Braunstein? of 59 
normal adults demonstrate that the IJ ampli- 
tude is related to body surface area and that 
the high-frequency ballistocardiogram distin- 
guishes between large and small individuals. 

As in adults, the wave pattern of the trans- 
verse ballistocardiogram varied from subject to 
subject. However, in all instances, it was of 
smaller amplitude than the amplitude of the 
longitudinal record. As we have previously sug- 
gested,?» 7 the transverse ballistocardiogram 
appears to be of most value in the study of the 
abnormal record. It may be of particular value 
in the study of children with cardiac shunts. 
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CONCLUSION 


1. There is a significant correlation between 
ody surface area and IJ amplitude in normal 
‘hildren. 


2. The two sexes must be considered sepa- 
rately, for the mean IJ amplitude of girls is 
less than that of boys. With increase in surface 
wea, this difference is progressively greater. 


SUMMARIO IN INTERLINGUA 


Simultanee ballistocardiogrammas longitudi- 
nal e transverse esseva obtenite ab 20 normal 
pueros e 20 normal pueras de etates inter 4 e 
15 annos. Esseva constatate que il existe un 
significativissime correlation inter le area del 
superficie corporee e le median amplitude 
basal IJ. 
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The Management of Hypertensive 
Cardiovascular Disease 


By Epwarp Meriman, M.D. 


REMARKABLE variety of measures 

are effective in hypertensive disease 

including surgery, diet, drugs, and 
psychotherapy. Despite striking differences in 
their mechanism of action, these measures all 
have the ability to lower blood pressure. 
However, they are not simple to select and 
administer, nor are they successful in every 
case. 

Except for rare instances, such as coarctation 
or pheochromocytoma, in which treatment can 
be directed at the specific cause of the hyper- 
tension, treatment remains empirical and 
largely a matter of trial and error. Nonetheless, 
such treatment is so effective in lowering 
blood pressure and alleviating many serious 
sequelae of hypertension that the outlook in 
hypertensive disease is more favorable than 
ever before. 


The Advisability of Lowering Blood Pressure 


The ease of measurement of arterial blood 
pressure has focused treatment and discussion, 
as well as the patient’s anxiety, on the blood 
pressure level. 

Objections to such treatment have included 
the beliefs that (1) it is the unaltered progres- 
sion of vascular disease that kills and that 
lowering the blood pressure has no effect on 
this process! and (2) lowering the blood pressure 
may actually be harmful by depriving the 
tissues, beyond the constricted arterioles, of 
adequate nourishment. Support for the former 
comes from such examples as the progression 
of coronary disease, despite blood pressure 
fall after sympathectomy. 


From the State University of New York, College 
of Medicine at New York, Brooklyn, and the Long 
Island Jewish Hospital, New Hyde Park, N. Y. 


When the blood pressure is lowered, however, 
a more typical picture is diminution of angina. 
The hypertensive patient with coronary disease 
or congestive failure whose blood pressure can- 
not be lowered is the one whose disease is 
likely to progress unfavorably. The second 
thesis, the occurrence of acute accidents such 
as myocardial infarcts or cerebral thrombosis 
after sudden severe hypotension, particularly 
from spinal anesthesia or ganglionic blockade, 
is understandable in view of the frequent 
coexistence of hypertension and vascular 
disease. This indicates the importance of 
lowering blood pressure cautiously and slowly 
in older patients and, when possible, with the 
least disturbance of important homeostatic 
mechanisms. 

A strong brief for the role of persistent and 
marked blood pressure elevation in the patho- 
genesis of the vascular lesion of malignant 
hypertension is given by Pickering.? Yet it is 
clear that there is no necessary correlation 
between the blood pressure level and the 
degree of hypertensive cardiovascular disease. 
Clinical improvement need not coincide with 
blood pressure fall. In animals, vascular lesions 
resembling those of malignant hypertension 
occur without high blood pressure and, in man, 
progressive papilledema has been described 
despite lowered blood pressure.* These situa- 
tions are exceptional, for most studies attempt- 
ing to correlate blood pressure level and prog- 
nosis indicate that the higher the diastolic 
level the worse the long-range outlook. Prob- 
ably the most compelling evidence for measures 
aimed at lowering blood pressure comes from 
the experience with malignant hypertension.® 
In this condition, formerly almost uniformly 
fatal in months to a few years, drugs, diet, 
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surgery and fever have all induced remarkable 
remissions. The most recent data of Schroeder, 
Morrow and Perry® indicate not only a high 
salvage rate, with restoration of vision and 
rehabilitation of many individuals back to 
work, but the virtual elimination of congestive 
heart failure as a cause of death in patients 
whose blood pressure is lowered adequately. 

In less severe forms of hypertensive disease, 
satisfactory treatment requires more than 
alleviation of symptoms and lowering of blood 
pressure. Decrease in heart size, lessening or 
disappearance of albuminuria and improvement 
of electrocardiogram and retinopathy should 
follow. Proof that hypotensive measures pro- 
long life in less severe stages of hypertension 
will be more difficult to obtain, but it seems 
logical that therapy, effective in the most severe 
forms of an illness, ought to have some value in 
milder forms. For all hypertensive patients, 
but particularly the less severe ones, the risks 
and discomforts of hypotensive therapy must 
be weighed against the life expectancy. 


Prognostic Factors 


Common clinical experience agrees with 
published reports’ that many hypertensive 
individuals live to advanced age and succumb 
to the same causes, mainly cancer, as persons 
with normal blood pressure. A “benign’’ 
course, that is, duration of life to within 3 or 
4 years of the life expectancy, is indicated by 
8 years of documented hypertension (at least 
180/110), without evidence of cardiac, renal 
or severe fundal changes.’ However, a consider- 
able number of hypertensive patients, includ- 
ing many with “benign” hypertension, die of 
congestive failure, myocardial infarction, cere- 
bral hemorrhage and, occasionally, of uremia. 
When death or hemiplegia occurs from hyper- 
tensive disease, it is frequently at relatively 
young ages and often without much warning 
or overt evidence of vascular disease. 

There is general consensus that “benign” 
disease is common in the female, especially 
beginning postmenopause and, conversely, 
the prognosis is poorer in males, especially 
young ones. The disease appears to be more 
severe and more difficult to treat in the Negro. 

Determination of the prognosis for a single 


patient, except in the malignant phase, is 
difficult, even when early evidences of hyper- 
tensive disease, as grade II fundi, left ventric- 
ular hypertrophy or 1+ albuminuria, are 
present. Early morning headache may be 
present for many years without evidence of 
deterioration, but sudden onset of violent 
headache is an ominous symptom. 

The blood pressure level, especially office 
readings, should be interpreted more leniently, 
particularly in view of revised (and higher) 
values® of “‘normal’’ blood pressure with in- 
creasing age; but sustained high diastolic 
pressure, 130 or more, is an unfavorable sign. 
Office readings, especially casual ones, are 
notoriously poor guides to the level of hyper- 
tensive disease or to the effectiveness of ther- 
apy. As pointed out many years ago and re- 
peated recently, home blood pressure readings 
are more reliable. 

The prognosis for the individual must vary 
depending on the underlying disturbances 
(renal, endocrine, atherosclerosis, neurogenic, 
“essential”) that result in or are accompanied 
by hypertension. Subdivision of hypertension 
into types and in terms of response to specific 
hypotensive measures may eventually be 
helpful in this regard. Prognosis is certainly 
related to the family history as well as the 
presence and, more particularly, the rate of 
progression of vascular disease. An estimate 
of the latter requires prolonged observation. 
During this time, baseline studies are made, 
specific etiology for the hypertension is sought, 
good doctor-patient relationship established 
and, when indicated, hypotensive therapy is 
initiated. Examination of the eyes, the heart, 
and the kidneys reveals whether the patient is 
tolerating his elevated blood pressure with 
impunity. Hemorrhages and exudates in the 
fundi, an enlarging heart and _ progressive 
electrocardiographic changes of left ventricu- 
lar hypertrophy and the appearance and 
persistence of albuminuria are indications that 
the process is not altogether benign. Difficulties 
in prognosis should not, however, result in 
allowing irreversible stages of the disease to 
develop while estimating the rate of progres- 
sion. 

As success in treating hypertensive disease 
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increases, life expectancy for the individual 
will increase. This is already apparent in the 
improved outlook for malignant hypertension. 
Congestive failure, formerly a common cause of 
death in hypertension, is now so amenable to 
hypotensive therapy that death from this 
“ause is quite infrequent. However, there is 
not yet clear evidence that cerebral thrombosis 
or hemorrhage is postponed or prevented. 


Choice of Treatment 


The multiplicity of therapeutic measures 
in hypertension indicates that none is ideal. 
However, each has specific indications and 
when properly used, often in combination, can 
modify many of the sequelae of hypertension. 
Current therapy includes: (1) psychotherapy, 
(2) diet, (3) drugs, and (4) surgery. Fever 
therapy is of historic interest only. 


1. Psychotherapy 


Much of the effect on symptoms and blood 
pressure level, formerly attributed to drugs, 
diet, and surgery, is due to the psychodynamics 
of the doctor-patient relationship. When this 
relationship is used wisely by the physician, 
it can become an important adjunct in therapy. 
In fact it is important even when the physician 
and patient are unaware of it.'° The patient 
must find stability, reassurance and protection 
in this relationship as well as a reorientation 
of his way of life. He must be taught to recog- 
nize the stresses that constrict his vessels and 
raise his blood pressure. He should be assured 
that his condition is benign and that casual 
blood pressure levels lack significance. He 
should be made to believe that he will not be 
paralyzed by a stroke—one of the most common 
and disabling fears of the hypertensive patient. 
He should be told that he has hypertension and 
that treatment is available, if necessary, but 
that frequently no specific treatment is re- 
quired. For such assurance to be effective the 
physician himself must be free of anxiety about 
the disease and its treatment. 

Some hypertensive patients have personality 
defects that antedate the development of 
persistent hypertension. These patients have 
a facade of affability and tolerance to situa- 
tions, but actually they handle latent, hostility 


poorly; they develop and sustain feelings of 
anger without expressing it. They have over- 
anxious reactions to real-life problems. Severe 
emotional stresses often coincide with the 
onset of hypertension or with acute episodes 
in the disease. Malignant hypertension com- 
monly has its onset with severe emotional 
duress. 

Psychiatric treatment directed at the per- 
sonality defects and the individual’s response 
to stresses is relatively new as a treatment in 
hypertensive disease. Some dramatic results 
in early hypertension and in a few cases of 
severe hypertensive disease are reported; but 
it is too soon to state whether intensive 
psychotherapy, even if practical, will be 
productive of maintained improvement in 
advanced hypertensive disease. In _ these 
patients, precious time should not be lost by 
relying completely on psychotherapy. 

Superficial psychotherapy, firm reassurance, 
reorientation of the patient’s life to avoid 
unnecessary stresses and common-sense hy- 
giene are all that is required in many cases of 
high blood pressure, particularly early or 
labile hypertensive people without evidence of 
vascular disease. Mild sedatives (phenobarbital 
and bromide) are recommended, although 
there is no evidence that they exert a salutary 
effect on the prognosis. In some instances (see 
below), other drugs are advisable for the labile 
patient in addition to psychotherapy. 


2. Diet 


Dietary management for hypertensive dis- 
ease should hold a more important place than 
it does in this pharmaceutic heyday. Weight 
reduction for the obese patient should be 
carried out for its own sake, for its effect on 
general good health rather than expectation of 
normal blood pressure. 

The mainstay of the dietary treatment in 
hypertension is sodium restriction.!' Of the 
various low-sodium diets the rice diet? has the 
lowest sodium content (it is also the lowest in 
fat, cholesterol and protein). The claims of its 
original proponent concerning efficacy have 
been confirmed by others.'* Improvement may 
be expected in one fourth to one half of the 
patients treated. However, except in very 
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rigid or obsessive patients, adherence to the 
diet for prolonged periods is difficult. Demon- 
stration of its effectiveness in restoring lost 
vision, for instance, will enable some patients 
to remain on the diet for long periods. For most 
individuals the greatest usefulness of the rice 
diet lies in creating ready acceptance of a 200- 
mg. sodium diet. As long as the sodium content 
is not raised above 500 mg. per day, the hypo- 
tensive effects are maintained even if fat and 
protein are added. There appears to be no 
advantage of the rice diet over a 200-mg. 
low-sodium diet. Because most low-sodium 
diets are low in protein, there is an initial 
loss of weight but eventual stability. For 
patients with heart failure or malignant 
hypertension, as well as uncomplicated hyper- 
tension, sodium restriction alone is often 
effective. In patients with cerebrovascular 
disease, it is undoubtedly the safest. 

It is helpful to establish the patient’s 
response to salt restriction before instituting 
hypotensive drugs because low-sodium diets 
have an additive and possibly synergistic effect 
with some of these drugs. Certainly the hypo- 
tension resulting from ganglionic blockade 
is potentiated and it may be necessary to 
restore some salt to the diet to avoid excessive 
hypotension. 

On this diet, even with initially normal 
kidney function, a low-sodium syndrome 
characterized by weakness, nausea, vomiting 
and collapse may develop in some patients. 
This is more likely in the presence of renal 
disease; yet some individuals with a moderate 
degree of nitrogen retention will show marked 
improvement on the rice diet. Curiously 
enough, the commonest complication noted on 
the rice diet was exacerbation of symptoms of 
peptic ulcer. As yet there are no reports involv- 
ing combination treatment of low-sodium 
diet and Rauwolfia, but this ought to be a 
safe and effective program. 

The rigors of sodium restriction make it 
obvious that it should be used only in patients 
with severe degrees of hypertension or with 
evidence of vascular disease such as grade 
III or IV eyegrounds, enlarged heart with 
congestive failure or coronary artery disease, 


or early renal disease. The only contraindica- 
tion is a significant degree of renal failure. 


3. Drugs 


Although there are some criteria for the 
selection of particular hypotensive drugs, only 
a trial can demonstrate whether a given drug 
will be effective in a specific case. 

A. Rauwolfia serpentina. The newest and 
most intriguing of the hypotensive drugs comes 
from R. serpentina. This ancient medicament 
from India was introduced into the United 
States by Wilkins" a few years ago and has 
already had intensive trial and study.'* More 
recently it has been applied to a wide variety of 
psychiatric disorders. The crude root, stand- 
ardized alkaloidal extracts and the pure alka- 
loid, reserpine, all seem to have similar pharma- 
cologic properties, except that reserpine is 
about 100 times as potent as the crude root. 
An almost flat dose-response curve, unique 
among hypotensive drugs, gives reserpine a 
remarkable degree of safety. Children who 
have ingested very large amounts of the drug 
have suffered only from excessive sedation 
and diarrhea. Rauwolfia acts on the central 
nervous system, presumably at the hypothal- 
amus and its ability to decrease blood pressure 
and heart rate has been attributed to a central 
inhibition of sympathetic (or an enhancement 
of parasympathetic) activity. The vasodilata- 
tion resulting in the blood pressure fall is 
mediated over sympathetic nerves to the 
vessels, apparently as a result of inhibition of 
reflex sympathetic vasoconstriction. However, 
postural hypotension does not occur except in 
very rare instances. Pupillary constriction is a 
characteristic effect in animals and nasal 
stuffiness in man. The latter may result in 
symptoms of a chronic cold, bloody nasal 
discharge and even sinusitis and otitis. Further 
evidence of parasympathomimetic activity is 
the increased secretion of hydrochloric acid in 
the stomach which could potentially exacer- 
bate peptic ulcer; increased intestinal motility 
may result in diarrhea. In addition, Rauwolfia, 
like the Veratrum esters, interferes with 
certain reflex blood pressure rises, mediated 
by the central nervous system, that are the 
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normal response to anoxia or carotid sinus 
occlusion. * 

Decreased motor activity in animals and 
placidity in man are effects that may indicate 
more complicated central nervous system 
action. The peculiar kind of sedation induced 
by reserpine has been aptly called ‘“tranquil- 
lity,’ but this change in personality passes 
readily from calmness and quietude to languor 
and even true depression. The latter is more 
likely with excessive doses, but has also 
occurred with doses in the usual clinical 
range. Nightmares of a violent nature may 
occur but these are usually transitory. De- 
creased libido in the male is not uncommon. 
A few cases clinically like paralysis agitans 
have appeared under treatment with Rauwolfia, 
but these are apparently quite rare and usually 
related to excessive dosage. Emphasis on 
these side actions should not detract from the 
safety and remarkable therapeutic effects of 
these drugs. In general, Rauwolfia has only 
a moderate hypotensive activity and is said to 
be most successful in young, labile hyperten- 
sive persons without vascular disease. Yet 
often a marked and gratifying blood pressure 
fall is observed in elderly persons with “‘fixed”’ 
severe hypertension and definite evidence of 
hypertensive cardiovascular disease. The hy- 
pertensive personality described above is 
altered. The patients seem better able to 
withstand many emotional stimuli. Anxiety is 
diminished. The tachycardia, blood pressure 
rise and “diencephalic” facial flushing (with 
which some hypertensive women greet their 


doctor) or other stresses disappear under 
treatment with Rauwolfia. Many of the so- 
called neurotic symptoms such as dizziness, 


headache, nervousness and insomnia are 
relieved. Some blood pressure diminution is 
noted in about one half of the patients treated. 

The dose range of reserpine is 0.1—1.0 
mg. daily by mouth, the average being about 
0.25-0.5 mg. The drug is best taken at night. 


* Reserpine causes increased excretion of 5-hy- 
droxy-indole acetic acid, a metabolite of serotonin, 
in dogs and the discharge of large amounts of sero- 
tonin from the small intestine of rabbits.*> Serotonin 
is capable of activating the coronary chemoreceptor 
reflex.1® 


Parenteral reserpine (1—2.5 mg. intravenously) 
has in general the same effect, predominantly 
sedation and a moderate blood pressure fall 
lasting about six hours. Neither tolerance nor 
addiction has been reported. Best effects may 
require one to several weeks of treatment; 
similarly, when the drug is omitted hypoten- 
sive effects may last for weeks. Undesirable 
side effects are often controlled by omitting the 
drug for 1 week in 4. If daytime sedation is 
excessive, the entire dose should be taken at 
night. Synergistic effects with other hypo- 
tensive drugs are always difficult to prove, but 
the hypotensive effect of Rauwolfia is at least 
additive to other hypotensive drugs. The 
resulting bradycardia tends to overcome the 
acceleration of the heart induced by hydral- 
azine; its bowel-stimulating action may 
moderate the constipation from ganglionic 
block; its tranquillizing effects seem to make 
Veratrum effective with less vomiting. Smaller 
doses of the other hypotensive drugs are re- 
quired if the patient is receiving Rauwolfia. 

R. serpentina, therefore, seems to be a 
worthwhile drug in early, mild cases, especially 
if nervousness or tachycardia is prominent 
and psychotherapy is ineffective. In more 
severe cases, with headache, dizziness, or 
evidences of hypertensive cardiovascular dis- 
ease, it may be useful alone but more likely in 
combination with other drugs. As Wilkins has 
stated, it should be the first (hypotensive) drug 
tried and the last omitted. No deaths have been 
reported from its use and even the severe side 
effects, such as depression, yield to withdrawal 
of the drug. 

B. Veratrum Alkaloids. The Veratrum alka- 
loid esters are another group of hypotensive 
agents obtained from plants. Both hypoten- 
sive and side effects are similar whether one 
uses crude root, standardized alkaloidal ex- 
tract, or purified derivatives such as proto- 
veratrine A and B. In view of the narrow 
range between therapeutic and toxic doses 
(approximately 30 per cent) pure substances 
administered by weight are more desirable than 
biologically standardized material. 

Study of the pharmacologic action of these 
drugs has revealed the existence of a reflex 
causing a fall in blood pressure and heart 
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rate from afferent stimulation of chemical 
receptors in the heart and great vessels (the 
Bezold-Jarisch reflex).!® 

The Veratrum esters elicit a veratrinic 
response (repetitive electric discharges from a 
single stimulus) in the chemoreceptors of the ca- 
rotid sinus and coronary vessels. Increased affer- 
ent electric activity is transmitted via the ca- 
rotid sinus and the vagus nerves to the central 
nervous system, which in turn causes a diminu- 
tion in efferent electric activity over the 
splanchnic'® and presumably other sympathetic 
nerves. Hence, vasodilation and fall in blood 
pressure occur. Accompanying and increasing 
the hypotension is a bradycardia due to in- 
creased reflex vagal activity. A stimulating ef- 
fect on the nodose ganglion in cats seems to be 
the source of the vomiting reflex. Toxic doses of 
the drug in man cause epigastric and substernal 
oppression, nausea, vomiting, sweating, marked 
hypotension, bradycardia, and even heart 
block or extrasystoles. The disturbances in 
rate or rhythm are vagal phenomena and are 
readily overcome by atropine (0.5-1.0 mg. 
subcutaneously or intravenously). Ephedrine 
sulfate (25-35 mg. subcutaneously) or other 
vasoconstrictor drugs counteract an excessive 
blood pressure fall. At the height of the hypo- 
tensive reaction there may be transient electro- 
vardiographic changes such as T-wave inversion 
in V3; and Vy. These changes are reversed by 
atropine, but not by oxygen, indicating that 
they are due to vagal stimulation rather than 
to anoxia. There is no paralysis of autonomic 
activity and consequently interference with 
postural reflexes does not occur. However, if a 
toxic dose causing marked hypotension has 
been given, standing may cause a further fall 
in blood pressure. Cardiac irregularities are 
more likely in patients receiving digitalis or 
quinidine. Oliguria may occur during the 
hypotension from Veratrum, resembling that 
seen after any sudden fall in blood pressure, 
but it is transitory and not accompanied by 
fluid retention. Renal function is not adversely 
affected unless uremia is present.!7 However, 
in some patients with nitrogen retention cau- 
tious lowering of the blooc pressure may be 
achieved without much aggravation of the 
renal status. Once frank uremia is reached, 


any hypotensive measure will aggravate the 
renal insufficiency, but control of encephalop- 
athy, headache, diminishing vision, and 
heart failure may be obtained. 

Although there is a narrow range between 
the hypotensive and toxic or emetic dose, 
these alkaloids, particularly protoveratrine,'* 
can be given intravenously with only rare 
toxic effects. Vomiting is more likely to occur 
with subcutaneous or intramuscular adminis- 
tration and is even more common with oral 
drug therapy. Protoveratrine can be given 
intravenously with predictable results if dosage 
is based on the patient’s weight. The initial 
dose should be 1.5-1.9 ug. per Kg. followed by 
20 ug. every 10 minutes until the blood pressure 
is satisfactorily lowered. Subcutaneous or 
intramuscular dosage is 4 to6 ug. per Kg. given 
at 6 to 8 hour intervals. Parenteral administra- 
tion may be compared to digitalization with 
a rapidly acting digitalis glycoside. Prolonged 
parenteral and oral administration presents 
the problem of increased incidence of vomiting, 
which limits the usefulness of this drug in 
treating chronic hypertensive disease to not 
more than one fourth of the patients. In this 
latter group the drug may be given for long 
periods without loss of responsiveness and only 
occasional episodes of nausea and vomiting. 
Because of the side effects, oral drug adminis- 
tration requires close supervision of dosage, 
usually with 3 or 4 daily doses i.e., a half hour 
after breakfast, at about 2 p.m., a half hour 
after supper and at bedtime. The dose must be 
worked out by trial, and an average initial 
program would be 0.5 mg., 0.25 mg., 0.5 mg., 
0.25 mg. in 4 daily doses as above. Increments 
should be 0.125 mg. only. Hoobler and co- 
workers'® have recommended 1 large dose 
(0.5 to 1.5 mg.) after breakfast followed by 
small doses (about 0.25 mg. each) at 2 to 3 
hour intervals; a similar program starting after 
supper has been helpful in controlling noc- 
turnal dyspnea. 

The Veratrum alkaloids are probably the 
drugs of choice when prompt predictable fall in 
blood pressure without elevation of cardiac 
output or disturbance in homeostatic reflexes 
is desired. They are virtually specific in cases of 
pulmonary edema associated with acute 
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glomerulonephritis, hypertensive encephalop- 
athy, the hypertension and convulsions of 
toxemia, and cortisone-induced hypertension. 
They may be a useful adjunct in the treatment 
of hypertensive congestive failure and are 
very useful in malignant hypertension with 
arly or threatening loss of vision. In these 
instances the parenteral route should be 
employed. Of 9 patients with malignant 
hypertension treated with parenteral proto- 
veratrine, 5 had remissions and were alive 1 
to 3 years later.?° 

Patients with congestive failure or coronary 
disease complicating hypertension who show a 
satisfactory hypotensive response to Veratrum 
alone or combined with reserpine will have 
alleviation of failure and decrease in angina. 
Despite the acute nature of the toxic effects and 
occasional marked hypotension, no deaths are 
known to have occurred from its use. It is 
probably the best drug for parenteral admin- 
istration for short-term therapy of acute 
hypertensive states. Its mechanism of action 
would make it the ideal drug were it not for its 
tendency to cause vomiting. 

C. Hydralazine. Hydralazine (1-hydrazino- 
phthalazine, Apresoline) is a synthetic agent 
whose hypotensive properties were described 
only a few years ago.”' It is effective when 
given by mouth and appears to act on the 
central nervous system as well as against a 
number of circulating vasopressor substances. 
In animals, hydralazine exhibits sympatholytic 
activity, but in the doses used in man these 
effects are minimal. A marked increase in 
renal blood flow accompanies the moderate 
fall in systolic and diastolic pressure, yet it is 
not more effective in renal hypertension than 
in other varieties. It does not increase glomeru- 
lar filtration rate and does not elevate to 
normal the depressed renal blood flow of 
essential hypertension. 

A direct stimulating effect on the heart 
results in tachycardia and increased cardiac 
output, which explains the aggravation of 
angina pectoris and congestive heart failure 
often seen, even at lowered blood pressures. 
Although hydralazine may cause electrocardio- 
graphic changes of anoxia in patients with 
coronary disease, it is said to improve the 


contours of the ballistocardiogram, presumably 
because of peripheral vasodilatation. Rau- 
wolfia or Veratrum should be used to slow the 
heart rate before hydralazine is given to pa- 
tients with coronary disease or congestive fail- 
ure. Some of the adverse cardiac effects of 
hydralazine may also be avoided if ganglionic- 
blocking drugs are used first. 

Initial toxic symptoms include nausea, 
vomiting, some degree of postural hypotension, 
and headache. The last mentioned is common 
and often very severe but may be alleviated by 
antihistamine or analgesic agents. These 
symptoms usually subside in a few weeks and 
can be minimized by starting treatment with 
small doses. Continued administration has re- 
sulted in familiar types of drug reactions (fever, 
edema, rashes) and also a new type of drug 
reaction,” a collagen-like disease that has 
appeared in 8 to 10 per cent of patients receiv- 
ing large doses for a year. This syndrome may 
include arthritis, rash, fever, anemia, hematu- 
ria, enlarged lymph nodes and spleen, albumi- 
nuria, positive cephalin flocculation, and even 
“LE.” cells. It has appeared mainly in pa- 
tients who have received large doses that effec- 
tively lowered their blood pressure. Thus far, 
apparently, even when “‘L.E.” cells are present, 
the syndrome has disappeared when the drug 
was omitted and, in some cases, corticotrophin 
given. 

Initial dose should be 25 mg. or less four 
times daily. Increments of 25 mg. per dose are 
added every 3 to 4 days unléss severe headache 
appears. Maximum daily doses have ranged 
from 500 to 800 mg. a day. In view of the high 
incidence of drug toxicity it is doubtful whether 
more than 400 mg. a day should be given. If 
hydralazine is used alone, prolonged admin- 
istration is not only accompanied by a rising 
incidence of drug toxicity, but a diminution in 
the number of good responses. Initially satis- 
factory hypotension is obtained in about one 
third of the cases, but after 1 to 2 years of treat- 
ment good results have diminished to one 
tenth. Milder forms of hypertensive disease 
may respond to small doses of hydralazine, 
especially in conjunction with Rauwolfia or 
Veratrum without a high incidence of toxic 
reactions. In general, large doses of hydralazine 
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should be reserved for patients with severe 
forms of hypertensive disease in whom other 
treatment is inadequate. In conjunction with 
hexamethonium, however, it has been a very 
effective agent in severe forms of hypertensive 
disease.® 

D. Ganglionic-Blocking Drugs. Demonstra- 
tion of the striking ganglionic-blocking action 
of tetraethyl ammonium ion (TEA) led to a 
search for related drugs suitable for use in hy- 
pertension. Extensive pharmacologic studies” 
have given a good picture of the action of these 
drugs. Hexamethonium, its new prototype 
pentolinium —[pentamethylene-1:5-bis-N-(N- 
methylpyrrolidinium)|, and other related me- 
thonium compounds exert their action by inter- 
fering with cholinergic transmission at the 
ganglionic synapse and not at preganglionic or 
postganglionic structures. There is no paralysis 
of the effector end organs and they remain 
capable of reacting to a suitable stimulus. For 
example, the arterioles will constrict with nor- 
epinephrine; the salivary gland will secrete and 
the bowel contract with cholinergic drugs. 

Interference with sympathetic nervous activ- 
ity causes orthostatic hypotension and com- 
pensatory tachycardia in almost all patients. 
Blood pools in the legs and splanchnic area un- 
opposed by reflex sympathetic vasoconstriction. 
This may be so severe as to cause faintness or 
even collapse. The patient should sit or, better, 
lie flat when such symptoms appear. Some 
degree of postural hypotension is considered 
essential to successful management and there- 
fore cannot be considered a side effect. Smaller 
doses are required for patients who are up and 
about than those in bed. Alcohol, a large meal, 
vigorous exercise, hot weather, low-salt intake, 
mercurial diuresis, all tend to potentiate ortho- 
static hypotension. Other evidences of inter- 
ference with sympathetic activity are seen in 
the increased susceptibility to certain stresses 
such as anesthesia and hypoglycemia. Less 
anesthetic agent is necessary in patients whose 
sympathetic nervous system has been blocked 
by methonium compounds. Similarly, the usual 
adrenalin-like reaction to hypoglycemia does 
not occur, the patient merely passing quietly 
into hypoglycemic coma. Interference with 
sweating may result in elevations of body tem- 


perature during warm weather; yet failure of 
reflex skin vasoconstriction may cause shiver- 
ing in cool weather. Interference with potency, 
more severe in the older age group, is trouble- 
some, but is relieved temporarily by omitting 
a dose of the drug. 

Blockade of parasympathetic activity causes 
additional undesirable effects. Blurred vision 
and intolerance of bright light often require 
tinted eyeglasses with increased correction. 
Dryness of the mouth from decreased salivation 
is annoying; lessened intestinal motility pro- 
gressing to severe constipation and even ileus, 
and urinary retention in the male patient with 
prostatic hypertrophy may be serious. Toxic 
reactions with oral medication are more severe 
and more difficult to treat because the oral dose 
is about 20 times the parenteral dose. Consti- 
pation must be avoided, especially with oral 
administration, because it may result in mas- 
sive absorption of the drug from the gut, with 
resulting severe toxicity such as_ profound 
hypotension and a complete paralytic ileus.* 
Irritant or saline cathartics should be used to 
insure daily bowel movement. Failure to have 
a daily bowel evacuation calls for omitting the 
drug. Deaths have occurred from paralytic 
ileus and from cerebral or coronary thrombosis 
secondary to severe hypotension. 

In their mild form all these symptoms are 
responsive to oral cholinergic drugs, such as 
pilocarpine (5 mg.), prostigmine (15 to 30 
mg.), and urethane of 8-methyl choline (Ure- 
choline) (5 to 20 mg.). 

As with many other new pharmacologic 
agents, hexamethonium has apparently intro- 
duced a new disease. A severe fatal pulmonary 
fibrosis has been reported in a small number 
of patients who received large doses of the drug. 
These patients show severe tachypnea and 
dyspnea, which is improved in the supine posi- 
tion. The syndrome is more common in the 
malignant phase of hypertension and in the 
Negro. 

Pentolintum has the same actions and ill 
effects as hexamethonium. It is more potent 
on a milligram basis but has not demonstrated 


* This reaction can be readily differentiated from 
mesenteric thrombosis because the pupils do not 
react to light and the skin is dry. 
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decisively greater freedom from side effects or 
margin of safety. Its duration of action is longer 
than hexamethonium, however, and this repre- 
sents a distinct advantage in oral medication.*® 

Pentolinium is administered in doses of 20 
mg. (of the bitartrate salt) after breakfast, in 
midafternoon, and at bedtime. The dose is in- 
creased by 20 mg. slowly every few days until 
faintness in the upright position occurs, at 
which time slight reduction in dose is made. 
Tolerance occurs readily, both by mouth and 
parenterally, and during initial phases of treat- 
ment the dose must be increased. Eventually a 
stable dose is reached, but frequent adjustment, 
even diminution in dosage, is not uncommon. 
The desired effect is a systolic pressure not 
lower than 120 in the erect position.*® Some 
investigators recommend home blood pressure 
readings,® °° to obviate the notoriously unre- 
liable ‘‘office”’ reading and to adjust medication 
on the basis of these home readings. Smirk?> 
believes that subjective faintness or lighthead- 
edness in the erect position is a satisfactory 
guide to dosage. With pentolinium the three 
daily doses need not be equal; study of the 
blood pressure response may indicate the desir- 
ability of making the bedtime dose larger and 
the dose after breakfast smaller than the mid- 
afternoon dose. Education of the patient so that 
he understands the effects and side effects of 
the drug is essential to good control. Satisfac- 
tory levels of blood pressure may be reached in 
two thirds or more of patients; one third may 
have normotensive readings in the erect posi- 
tion. Recently, a new synthetic ganglionic- 
blocking drug, Meborylamine, has been intro- 
duced for study. It has a longer duration of 
action than pentolinium and is completely 
absorbed from the intestinal tract. 

Contraindications to therapy with gangli- 
onic-blocking agents include (1) uremia, which 
is always aggravated, (2) prostatic symptoms, 
(3) generalized and, especially, advanced cere- 
bral arteriosclerosis, (4) recent (6 to 12 weeks) 
coronary or cerebral thrombosis, (5) pyloric 
stenosis and (6) lack of cooperation or poor 
intelligence of the patient. 

Patients who exhibit the malignant phase of 
hypertension, congestive failure, or other evi- 
dences of severe hypertensive disease should 


be treated with ganglionic-blocking drugs, pref- 
erably in conjunction with Rauwolfia or hy- 
dralazine,® if simpler measures have been tried 
and are ineffective. 

E. Choice of Drug Combinations. Combina- 
tions of hypotensive drugs appear to be more 
effective and better tolerated than any single 
one of the drugs available today.” The undesir- 
able effects of some of these are mitigated, 
probably because smaller doses of each are 
necessary, and because some tend to overcome 
adverse effects of others. The more powerful 
drugs are more dangerous and they should be 
employed only when simpler measures have 
had adequate trial. 

For the patient with mild, asymptomatic, 
early hypertension, but no evidence of cerebral, 
heart, or renal disease, psychotherapy and 
reorientation to the stresses of life are adequate 
therapy. For the patient with hypertension 
proved benign by its long duration, especially 
elderly persons with only moderate degrees of 
left ventricular enlargement or 1+ albuminu- 
ria, again only firm reassurance is necessary. 
If symptoms not responsive to psychotherapy 
or phenobarbital are present, Rauwolfia can be 
employed. 

Patients who show sustained high diastolic 
pressure, especially men, or have evidence of 
progressive but not malignant hypertensive 
disease should receive hypotensive therapy. 
Rauwolfia should be tried first. Next, sodium 
restriction (200 to 500 mg.).should be added. 
Failure to respond to this regimen in 2 or 3 
months is indication for use of Veratrum (or 
protoveratrine) and later, if necessary, gangli- 
onic-blocking drugs. 

Patients with hypertensive cerebrovascular 
disease may be given Rauwolfia, low-sodium 
diet, Veratrum or small doses of hydralazine, 
in that order. The use of these drugs for acute 
cerebral accidents, such as hemorrhage, is still 
experimental. 

Hypertension and coronary artery disease 
may be treated with Rauwolfia, salt restriction 
and Veratrum. Ganglionic-blocking drugs cau- 
tiously administered to lower pressure gradu- 
ally and not too far, with the addition of small 
amounts of hydralazine, may give remarkable 
relief. 
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The development of congestive failure, or the 
malignant phase of hypertension, unresponsive 
to salt restriction or Veratrum calls for the 
addition of ganglionic-blocking drugs, such as 
hexamethonium or pentolinium and hydrala- 
zine. 

For acute hypertensive crises Veratrum (or 
protoveratrine) is the drug of choice. Intrave- 
nous sodium nitroprusside has been recom- 
mended recently.*® Ganglionic-blocking drugs 
are also often effective, but not so easily con- 
trolled and less desirable in cases such as 
eclampsia, where anesthesia may be utilized or 
precipitous blood pressure falls are to be 
avoided. 

One half or more of patients with malignant 
hypertension can now expect reversal of the 
accelerated phase of the disease, if uremia is 
absent,®>: ® from combinations of drugs or sur- 
gery. All forms of therapy fail in hypertension, 
once uremia is present; but mild degrees of 
nitrogen retention occasionally respond dra- 
matically to drugs or diet. Once these agents 
have induced a satisfactory hypotensive effect, 
it is important that therapy not be stopped 
abruptly, especially in patients with malignant 
hypertension, lest uremia, cerebral hemorrhage, 
or heart failure be precipitated. 


4. Surgery 


Unfortunately, treatment with drugs or diet 
is not always effective in hypertensive disease. 
Vor some severely ill patients, it may be desir- 
able to recommend surgery. No patient should 
have a sympathectomy or adrenalectomy with- 
out a prior trial of drugs, including ganglionic- 
blocking agents. 

After more than two decades of experience 
with resection of portions of the sympathetic 
nervous system for hypertension, popularity 
for this procedure seems to be declining. This 
is primarily because there is still no agreement 
on the best operation nor are there valid criteria 
to indicate which patients are likely to benefit 
by the operation.” *° In a careful study, 
Hoobler and co-workers*! were unable to indi- 
cate any clinical differences between patients 
who did well after sympathectomy and those 
who did not. In addition, prolonged morbidity 
may follow the operation. Although surgeons 


claim that one half of their patients are helped 
by this procedure, most medical men feel that 
the maximum figure is one third and many 
believe it is no more than one tenth. Sympa- 
thectomy was clearly the first procedure, how- 
ever, to alter the poor prognosis in malignant 
hypertension. There is not yet agreement that 
life expectancy in milder degrees of hyperten- 
sive disease is increased. Lack of knowledge of 
the life history of untreated cases and the 
difficulties in prognosticating for the individual 
patient, make it as difficult to evaluate results 
of sympathectomy as of other treatment pro- 
grams. 

The variety of surgical procedures recom- 
mended has extended to virtually total sym- 
pathectomy. This last procedure represents 
formidable and multiple surgery, and most 
surgeons do not believe it offers more than the 
less extensive operations. The most widely 
used surgical procedures are those of Peet* and 
of Smithwick.** The former is often done in one 
stage; it does not entail prolonged morbidity 
from postural hypotension and does not inter- 
fere with ejaculation. The sympathetic chain, 
from the sixth to the twelfth thoracic, including 
the splanchnic nerves, is resected on both sides. 
Portions of two ribs must be removed and the 
operative mortality is three per cent. The 
Smithwick procedure includes the lumbar 
ganglia, thus resulting in postural hypotension 
and interference with potency. This procedure 
has the advantage of exposing the adrenal 
glands, to detect a rare instance of pheochro- 
mocytoma, as well as the kidneys. Both pro- 
cedures may cause severe persistent postopera- 
tive neuritis. There is disagreement concerning 
the necessity of postural hypotension for a good 
therapeutic response with improvement in 
survival rates. Kahn? found no significant 
difference between the survival rates in Peet’s 
and Smithwick’s series; yet one of the alleged 
requirements for good result with ‘‘medical 
sympathectomy” is some degree of postural 
hypotension. Lowered blood pressure should 
persist for a year before the operation can be 
considered successful.*! 

While the exact role of sympathetic surgery 
remains unsettled, having been displaced to a 
large extent by ganglionic-blocking drugs, there 





606 CLINICAL PROGRESS 


are a few situations in which operation should 
be recommended. Any patient with malignant 
hypertension not responsive to medical treat- 
ment within a reasonable period (e.g., 2 to 3 
months) should have sympathectomy if nitrogen 
retention is absent. Surgery is invariably unsuc- 
cessful when nitrogen retention is present. 
Sympathectomy should be advised for patients 
with evidence of rapidly progressive but not 
necessarily malignant phase of hypertension 
who cannot be followed very closely, live far 
from good medical attention, and lack the intel- 
ligence and cooperation necessary in using the 
more potent hypotensive drugs or have not 
responded to medical treatment. Apparently 
sympathectomy increases the effectiveness of 
drugs and diet. 

Adrenalectomy, with or without accompany- 
ing splanchnic resection, is at present an experi- 
mental procedure.** The good results reported 
‘an often be equaled by sympathectomy alone 
or with sodium restriction. In such patients, 
strict low-sodium intake, with additional 
measures if necessary to cause negative sodium 
balance (mercury, resins), and _ ganglionic- 
blocking drugs should be equally effective. 
Patients whose adrenal glands are removed face 
the life-long likelihood of acute serious illness 
with infection, stress, or omission of cortisone. 
Moreover, some patients may show simultane- 
ously high blood pressure and the serum chemi- 
cal derangements of adrenal insufficiency, not 
to mention the hazards of cortisone psychosis 
and metabolic accidents. 


From the empirical and varied nature of the 
treatment outlined above management in 
hypertensive disease is obviously far from 
ideal. The physician’s problem is complicated 
by (1) lack of uniform classification of hyper- 
tension in terms of etiology, severity and com- 
plicating vascular disease; (2) inadequate data 
on life history and inability to prognosticate for 
the individual case; (3) lack of agreement con- 
cerning indications for treatment, choice of 
treatment and the results of treatment and (4) 
the dangers and discomfort of this therapy. 
Nonetheless, with proper exercise of his science 
and art, always bearing in mind non nocere, the 
physician can do more for hypertensive pa- 


tients than ever before. Measures successful 
in lowering blood pressure will alleviate, and 
possibly prevent, many of the serious sequelae 
of this disorder. 
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Auscultatory Diagnosis of Valvular 
Heart Disease 


By GeorGe Davin GECKELER, M.D. 


HE impact of cardiac surgery has led to 

increasing interest in the auscultatory 

diagnosis of valvular heart disease; 
many physicians have come to realize that 
they might benefit from a better understanding 
of this subject. During the past century a re- 
markable amount of usable knowledge has 
accumulated in spite of the imperfections of 
this art, the limitations of human hearing in 
the low range of sound and the inadequacy of 
the stethoscope as an acoustic instrument. In 
recent years, training of the younger man in 
this art has been deficient with the greater in- 
terest in electrocardiographic, radiologic and 
other graphic methods during his training 
period. One is frequently asked what consti- 
tutes the best stethoscope. I have had great 
satisfaction with a Bowles chestpiece 2 inches 
in diameter instead of the usual one and one- 
half inches; the larger size amplifies low fre- 
quency sounds and for many isa distinct advan- 
tage. Even with the ideal stethoscope, there 
is, of course, no substitute for self discipline, 
persistent training and knowledge of what is 
normal. 

A good technic is imperative for listening to 
auscultatory findings. There is a great ten- 
dency to place the chestpiece of a stethoscope 
at some auscultatory area and simply to listen; 
but this is poor practice. To develop proficiency 
in this field one must learn what to listen for 
and to listen for just one thing at a time; one 
must learn not to listen to heart murmurs, 
while listening for the characteristic features of 
heart sounds. All auscultatory phenomena 
must be analyzed for their pitch, loudness and 
length. During intent listening it is helpful to 
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eliminate all other sensory stimuli as much as 
possible by being comfortable and closing the 
eyes. In the future, electronic means will cer- 
tainly be used for recording and reproducing 
heart sounds and murmurs. Instead of 5 or 6 
students grouped around a patient’s bed for a 
50 or 60 second period of listening, an instruc- 
tor may use a microphone, amplifier and 
speaker, with or without tape recordings, to 
large groups of students with repeated presen- 
tations of many different abnormalities. The 
time allotted is utilized much better in this 
way and patient fatigue is eliminated. Further- 
more, with tape recordings an abnormality 
‘an be compared with normal heart sounds or 
with another abnormality, an example can be 
slowed and murmurs from heart sounds can be 
dissected. Regardless of what technic is used, 
however, an examination should always be 
done in a methodical manner: the examiner 
should subject himself every time to a specific 
routine, first considering disturbances of rate 
and rhythm, then listening in-various areas for 
heart sounds and then for murmurs or adven- 
titious sounds. 

The value of auscultation is probably greater 
in rheumatic valvular disease than in any 
other type of heart disease. In the acute rheu- 
matic state, disturbances of rhythm, and par- 
ticularly a gallop, may be very significant. A 
diastolic gallop rhythm, with a rhythmic lilt 
of three sounds and the abnormal third sound 
in diastole, simulates the pronunciation of the 
word ‘Tennessee’ and usually can be differ- 
entiated from other three-sound cycles without 
much difficulty. Premature beats warrant 
further investigation; if they are of atrial 
origin and increase in frequency, they may be 
the precursor of a serious disturbance. Sinus 
rhythm or sinus tachycardia is the usual find- 
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ing, however. When the active process subsides 
in a child, sinus arrhythmia very often devel- 
ops. Heart sounds are not characteristically 
changed, except for some reduced intensity, 
and murmurs are not significantly different 
from those found in the inactive state. Adven- 
titious sounds, such as a pericardial or even a 
pleural friction rub, must be anticipated and 
looked for carefully. The high-pitched scratch 
of a friction rub, sometimes heard only during 
systole and later developing during both 
phases of the cardiac cycle, may be very tran- 
sient and disappear with effusion; then the 
sounds at the apex gradually become fainter 
and they may even become inaudible. 


Mitral Valvular Disease 


In the inactive state valvular damage is the 
only significant abnormality that may be ap- 
praised by auscultation. Because the damage 
is related in such a large proportion of cases to 
the mitral valve alone or in combination with 
other valve lesions, meticulous care should be 
used to determine whether this valve has been 
damaged and, if so, to what degree it has been 
deformed. The first evidence of damage is a 
mild degree of insufficiency caused by distor- 
tion of one or both of the leaflets, possibly asso- 
ciated with shortening of the chordae tendineae. 
This slight insufficiency results in heart sounds 
at the apex that may be normal or replaced 
partially by a systolic murmur, either rough, 
blowing or musical in character. In children, 
this mild-degree rheumatic insufficiency may 
be difficult to distinguish from an innocent 
murmur. At least 50 per cent of patients with 
rheumatic heart damage do not give a history 
of any etiologic factor, even after a careful 
investigation, so that a negative rheumatic 
history is not helpful. An innocent murmur 
must be systolic in time, blowing in character, 
and not more than grade 1 at the apex or grade 
2 at the base. Associated with it there must be 
no other abnormal auscultatory finding, no 
electrocardiographic or radiologic evidence of 
heart disease and no past history of illness that 
might cause heart disease. 

With further deformity of the mitral leaflets, 
stenosis begins to appear. First there is a wide 
reduplication of the mitral second sound (an 


opening snap), which is quite characteristic. 
Usually it is heard at or near the apex; often 
it is just inside or outside the point of maximal 
impulse. It is quite different in character from 
the usual, reduplicated mitral first sound or 
aortic or pulmonic second sound. It is often 
associated with a systolic murmur. If the degree 
of stenosis increases, the second part of the 
reduplicated mitral second sound trails off as a 
short blowing mid-diastolic murmur; as a rule 
this murmur is very difficult to hear and it is 
necessary to turn the patient (usually a child) 
to the left lateral position. The murmur is best 
heard at the apex as a heart returns to its nor- 
mal rate after slight exercise; it is often not 
heard when the heart is quiet. Usually the first 
sound is not sharp at this stage. Recognition 
of this minimal deformity is particularly im- 
portant in view of the present-day prophylactic 
regimen for the rheumatic child and the war- 
rantable hope that with sincere parent coopera- 
tion further damage may be avoided. If a 
further degree of stenosis develops, the first 
sound becomes definitely sharp and with it is 
heard a presystolic accentuation of a mid- 
diastolic or late diastolic murmur; as a rule, this 
occurs only after childhood. If congestive heart 
failure intervenes, the presystolic murmur may 
become much less prominent or disappear 
altogether for a time; however, the sharp first 
sound persists even though its intensity may 
diminish. Until recently it has often been 
taught that this sharp first sound is loud; its 
characteristic features, however, are its pitch 
and duration, which are higher and longer than 
normal. There has been considerable argument 
whether the presystolic accentuation of the 
murmur of mitral stenosis had crescendo accen- 
tuation. In recent spectrograms about half the 
murmurs show a gradually increasing rise in 
pitch as the murmur progresses to the first 
sound. Usually there is no systolic murmur at 
this stage; the presence of an associated regur- 
gitant effect is still undetermined. Severe 
stenosis of the mitral orifice and fixation of the 
leaflets would seem a priori to necessitate 
regurgitation; when the leaflets of postmortem 
specimens are fused and fixed in this degree of 
stenosis, there always appears to be some de- 
gree of associated insufficiency. With the twist- 
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ing action of ventricular systole, however, 
there may be no insufficiency, for the dynamic 
effect may be very different from the static 
appearance. Very rarely the presystolic murmur 
of advanced mitral stenosis is heard with a 
tumor in the left atrium. Inconstancy of the 
murmur with change of position of the patient, 
however, makes one suspicious of such a tumor. 

With calcification of the valve leaflets, in- 
crease in age and incipient congestive heart 
failure, atrial fibrillation replaces the sinus 
rhythm and usually, but not always, the cre- 
scendoeffect of the mid-diastolic or late diastolic 
murmur disappears. The sharp mitral first 
sound may persist, but it may be overshadowed 
or replaced by the systolic murmur of associ- 
ated insufficiency. With increased pressure in 
the pulmonic circuit of long duration, the 
pulmonic second sound becomes louder. It is 
not known whether the loud second sound is 
the result of change in the diameter and length 
of the pulmonary artery, in the size of the right 


ventricle compared to the pulmonary artery 
or in both. For several weeks after a successful 
mitral commissurotomy with reduction of a 
very high preoperative pulmonary artery pres- 


sure to normal, the pulmonic second sound is 
as loud as before operation. These findings were 
confirmed by tape recordings with an identical 
technic before and after operation. In many 
older adults, the loud pulmonic second sound 
persists for a long period of time. Probably as 
the result of right ventricular and pulmonary 
artery enlargement, the pulmonic second sound 
is heard lower than the second right interspace, 
very frequently as low as the fourth left inter- 
space. Because of its loudness, the pulmonic 
second sound is widely transmitted and may 
overshadow the second sound at the apex, at 
times causing the second sound at the apex to 
be louder than the first sound. Many times it is 
reduplicated, but this effect is not significant; 
the degree of loudness is the important feature. 

In a few instances, of course, the major 
mechanical deformity may not be narrowing 
but a widening of the mitral ring with a severe 
grade of insufficiency associated with scarred 
and shortened chordae tendineae. There the 
mitral first sound is partially or entirely re- 
placed by a systolic murmur. As a rule the 


murmur is rough and loud, but with very ad- 
vanced insufficiency there actually may be no 
murmur at all. These patients show unusual 
incapacity and left ventricular enlargement in 
addition to their severe left atrial and right 
ventricular damage. While both mitral stenosis 
and mitral insufficiency can be helped by sur- 
gery, one must decide whether the degree of 
insufficiency in a mitral stenotic valve contra- 
indicates surgical intervention. Auscultation 
is helpful, but in the last analysis the size of 
the cardiac chambers, particularly of the left 
ventricle, and the functional status of the heart 
are decisive. 


Aortic Valvular Disease 


The diagnosis of rheumatic aortic valvular 
stenosis usually can be made by auscultation. 
Both the second right and the third left inter- 
spaces near the sternal border should be re- 
garded as aortic areas where sounds and mur- 
murs from the aortic valve may be transmitted. 
If acquired aortic stenosis is present, a rough 
systolic murmur is heard in these areas asso- 
ciated with a diminished or absent second sound 
or with an early diastolic murmur, if there is 
associated aortic insufficiency. The systolic 
murmur is invariably rough but is of different 
pitch than the murmur caused by the mitral 
insufficiency. This rough murmur is usually 
transmitted, if it is loud, but transmission is 
not specific; in large part it depends upon the 
structure through which the sound travels. 
With associated severe mitral damage, the 
pulmonic second sound may be accentuated 
and may be heard along the left sternal border 
at the fourth or third interspace. Fortunately, 
transmission of this loud second sound usually 
is not to the right and the intensity of the 
second sound in the second right interspace 
usually is related to aortic valve function. 
Comparison of the aortic and pulmonic second 
sounds is not helpful; it is much more depend- 
able to compare the degree of loudness of this 
aortic second sound with what one would 
expect at a certain age. The vascular effects 
of aortic stenosis of low systolic and reduced 
pulse pressure depend upon the degree of ste- 
nosis; if surgery is contemplated, the degree of 
stenosis should be determined more accurately 
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by electrocardiograms, roentgenograms and 
arterial pressure curves. A thrill may also re- 
sult from aortic stenosis but its absence should 
not militate against a diagnosis of this lesion. 
Subaortie stenosis of congenital origin may be 
suspected when a normal or !oud second sound 
is heard with the other findings of aortic 
stenosis. At times this differentiation is diffi- 
cult; but it should be made, if at all possible, 
because the operative procedures differ for the 
two conditions. 


Aortic Insufficiency 


While syphilitic aortic insufficiency is still 
seen, rheumatic disease is the preponderant 
cause. As in aortic stenosis, varying degrees of 
insufficiency give rise to the auscultatory find- 
ings with or without the vascular findings. With 
maximal intensity in the second right or third 
left interspaces, the diastolic murmur invari- 
ably is heard immediately after or in place of 
the second sound. While this murmur is almost 
always blowing in character, long-standing 
rheumatic involvement with sclerotic change 
of the valve leaflets may cause a rough early 
diastolic murmur to be heard. If calcification 
is considerable, it may be inferred that the 
leaflets are nonflexible; any surgical attempt at 
correction of the valve may not help and may 
accentuate the valvular deficiency. Determina- 
tion of amount of calcification may be very 
difficult; as in aortic stenosis, more definitive 
studies must be carried out prior to surgery for 
this purpose. Occasionally, the early diastolic 
murmur of aortic insufficiency is not maximal 
in intensity at the base, but for some unex- 
plained reason only near the apex, and at times 
well out into the lower left axillary region. As 
a rule this is only temporary, often during acute 
‘arditis or with severe failure; with recovery 
the murmur disappears from these areas and 
reappears at the base. Transmission of the 
murmur depends upon its loudness and the 
structures through which it must pass. In con- 
trast to the murmur of mitral stenosis, it very 
often is heard over a large area of the precor- 
dium. If the patient leans forward in the sitting 
position after slight exercise, this murmur is 
usually more clearly audible. At times with a 
severe grade of aortic insufficiency, the charac- 


teristic murmur may disappear entirely with 
severe congestive failure and reappear with 
myocardial improvement. Very rarely a mur- 
mur of aortic insufficiency may result from 
anemia, probably due to dilatation of the ring; 
in such a case, however, the anemia is usually 
severe and the differentiation is not difficult. 


Combined Mitral and Aortic Valvular Disease 


Combined deformity of mitral and aortic 
valves is much less frequent than mitral dam- 
age alone, but it may present a very serious 
problem and it is imperative that the surgeon 
know preoperatively if both valves are in- 
volved. Aortic insufficiency is usually recog- 
nized easily, but if severe aortic stenosis is not 
corrected when the mitral stenosis is relieved, 
the inability of the heart to adjust to the 
changed dynamics may be fatal. 


Pulmonary Valvular Disease 

Pulmonary valve disease is almost always 
congenital. If stenosis is present there is a rough 
systolic murmur. Diminution or absence of the 
second sound depends upon whether the pre- 
dominant stenosis is valvular or infundibular 
and on other anomalies. Insufficiency of slight 
degree associated with the stenosis usually is 
not of dynamic significance. With a dilated ring 
and relative insufficiency, usually the result of 
very severe and long-standing mitral valve 
damage, an early diastolic murmur may be 
heard. It is usually short and rough instead of 
blowing in character. Sometimes the murmur 
is heard a very short interval after the second 
sound, which is usually accentuated. The differ- 
entiation of pulmonic from aortic valve involve- 
ment usually is not difficult, particularly when 
the shape of the cardiac silhouette, the electro- 
cardiogram and pressures are studied. 


Tricuspid Valvular Disease 


Auscultation is of relatively little help in the 
diagnosis of tricuspid lesions. Stenosis is almost 
always associated with severe mitral deformity 
of rheumatic origin; with it a mid-diastolic 
snap is said to occur in the fourth right inter- 
space near the sternal border. Unfortunately 
it is not always present, and for the most part 
the diagnosis depends upon other means of 
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examination, i.e., usually a very large right 
atrium and venous pressure curves. The patient 
with severe mitral stenosis who has had an 
adequate commissurotomy and who does not 
show the expected postoperative improvement 
should be suspected of having a tricuspid 
lesion. Insufficiency of this valve certainly can- 
not be diagnosed by auscultatory means. A 
systolic murmur at the lower left sternal border 
of different character from an associated mitral 
murmur is not dependable. Other signs, i.e., a 
pulsating liver (not transmitted pulsation from 
an abdominal aorta), intractable ascites and at 
times pulsation of a small distended vein in the 
upper anterior chest, carry much more weight. 

In view of the increasing tendency to visu- 
alize heart sounds, a word of caution is in 
order. The usual phonocardiogram or oscillo- 
scopic curve portrays the complex grouping of 
tone, intensity and time, which make up 
sounds and murmurs, but the equipment used 
to produce, record and reproduce heart sounds 
is of critical importance, particularly the 
pickup (microphone) and amplifier. If they 
are not capable of responding to the frequen- 
cies that make up heart sounds, the result is 
incorrect. Furthermore, comparison of records 
made at different times may be erroneous be- 
cause of changed characteristics of the pickup 
or amplifier. No microphone is available today 
that responds to these vibration frequencies in 
the order of their magnitude; present-day 
visual records, time, i.e., phonocardiograms, 
oscilloscopic trace and cardiospectrograms, 
may well show an untrue picture of the relative 
amplitude of the different vibration patterns 
that are transmitted through the chest wall. 


Because this pattern includes some of the in- 
audible part of the sound spectrum, at times 
one does not hear what is seen; with no amount 
of practice can anyone hear below a certain 
frequency range. The visual and the auditory 
methods have specific merits that cannot be 
translated from one to the other. It may be 
misleading to assume that in a particular in- 
stance graphic registration is the last word. 
This difference is well illustrated by the position 
in the cardiac cycle of the murmur of mitral 
stenosis. Mitral stenotic murmurs invariably 
are heard in mid-diastole or late diastole, yet 
one reads of some murmurs of mitra] stenosis 
being holodiastolic. According to auscultation 
this is incorrect, even though at times certain 
frequencies of this murmur may be seen on an 
oscilloscope trace during the entire period of 
diastole. Part of this trace shows vibrations in 
the inaudible part of the spectrum. As yet, the 
visible electronic method is often particularly 
deficient in clearly distinguishing whether the 
character of a murmur is rough, blowing or 
musical, in differentiating patterns of third 
heart sounds, such as the lilt of a gallop rhythm 
compared with a normal heart and loud third 
sound at a rate over 100 per minute and the 
difference between an opening snap and a short 
mid-diastolic murmur. 

While the future will certainly provide elec- 
tronic means for the better appraisal of the 
complex vibration patterns that make up aus- 
cultatory phenomena, our “major teaching 
effort at this time must be directed toward the 
better use of knowledge that is already at hand. 
Fortunately the trend is in that direction. 




















Standards for Centers Caring for Patients 
with Congenital Cardiac Defects 


Report of the Subcommittee on Education and Standards 
in the Field of Congenital Heart Disease 


HE purpose of this report is to provide 

standards for services and necessary 

equipment for centers responsible for 
the diagnosis and surgical care of patients 
with congenital defects of the heart and blood 
vessels.* Skill in this field is dependent on 
training and on continuous extensive experi- 
ence which in turn is related to the caseload of 
an institution. Before establishing such a 
center, careful consideration should be given 
to the real need in the city or area for this 
highly specialized type of diagnostic workup 
and surgical correction. Many skills and 
facilities needed are not ordinarily available 
outside a medical center. 

Accurate diagnosis of the congenital cardiac 
malformation is a prerequisite to cardiac 
surgery. To have a diagnostic center for this 
purpose is, therefore, of prime importance 
for any hospital in which cardiac surgery is 
performed. 

This type of work requires highly developed 
teamwork on the part of the pediatric or 
medical diagnostician, surgeon, anesthesiolo- 
gist, roentgenologist and members of allied 
services. It is not advisable to have a sharp 


division between diagnostic and surgical re- 


This report of the Subcommittee on Education 
and Standards in the Field of Congenital Heart 
Disease appointed by the Council on Rheumatic 
Fever and Congenital Heart Disease of the American 
Heart Association reflects that committee’s findings 
in the matter under study. 

* This report serves to augment the Recommended 
Standards for Cardiovascular Clinics.} 


sponsibilities. The center in which cardiac 
surgery is done must be ultimately responsible 
for both definitive diagnosis and surgical care. 
The essential requirements for a diagnostic 
center follow below. 


I. STAFF 


A. Physicians. The following specialists should 
be on the team: 


1. A pediatric cardiologist or a cardiologist 
who is thoroughly familiar with the diagnostic 
features and care of patients with congenital 
cardiac malformations is essential. The im- 
portance of a pediatrician on the team is evi- 
dent when it is realized that more than one 
half of such patients are in the pediatric age 
group. 

2. A qualified radiologist who has had addi- 
tional training in the cardiovascular field. 

3. A qualified surgeon with training in car- 
diovascular surgery who should be directly 
responsible for the surgical care of the patients. 

4. A physician-anesthesiologist with experi- 
ence in cardiovascular surgery and open-chest 
anesthesia is mandatory. 

5. The team which is capable of performing 
cardiac catheterization and angiocardiography, 
conforming to the standards established by 
the two reports of the Committee on Cardiac 
Catheterization and Angiocardiography of 
the American Heart Association. * 


A well-trained pathologist familiar with the prob- 
lems of the physiologist, the cardiologist and the 
surgeon can assist the team in many ways. Extensive 
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pathologie study should be made, if possible, on all 
patients who do not survive and the pathologic 
findings should be regularly reviewed by the whole 
group. 

The Registry of Cardiovascular Pathology spon- 

sored by the American Heart Association in coopera- 
tion with the Armed Forces Institute of Pathology, 
Washington 25, D. C., can supply pathologists and 
other members of the staff with material that may 
assist in the education of the physician in malforma- 
tions of the heart, particularly those of surgical 
significance. The Institute will, upon request, also 
work up material if local facilities do not permit a 
thorough study. 
B. Nurses. Outpatient and inpatient depart- 
ments should have registered professional 
nurses familiar with the care of patients under- 
going diagnostic study and cardiovascular 
surgery. It is preferable that the clinic nurse 
has public health experience and is capable of 
assisting families to secure nursing supervision 
at home. The hospital nursing care must be 
under the close supervision of nurses familiar 
with needs of such cardiac patients. Expert 
and individual nursing care must be con- 
tinued during the postoperative period for as 
long as it is medically advisable. , 


C. Medical Social Worker. A qualified medical 
social worker should be a full-time member of 
the staff. Medical social service should be 
available during all stages of care irrespective 
of economic status because of the anxiety, 
fear and worry in the family when cardiac 
surgery is considered. The case worker should 
be willing to aid in all social problems and 
must be experienced in the socioeconomic 
conditions usually found in such families, 
often young and inexperienced families. Both 
the medical social worker and the nurse (or 
public health nurse) should work together 
with the health and social agencies in the 
patient’s community to establish optimum 
care for the patient. 


IJ. Diacnostic FActLities 


A. General: The following facilities, usually 
provided in a clinic, should be available: 

(1) Fluoroscopy and x-ray, 

(2) electrocardiography, and 

(3) a laboratory for routine analysis of 
blood and urine. 


B. Special: The following special facilities 
are mandatory : 

(1) Bacteriology laboratory, 

(2) blood chemistry laboratory, 

(3) medication and oxygen at close hand for 
emergencies and 

(4) laboratory and equipment for cardiac 
catheterization, angiocardiography and aor- 
tography, conforming to the standards set 
by the Committee on Cardiac Catheterization 
and Angiocardiography;:* this laboratory 
must be equipped for determination of oxygen 
saturation of arterial blood. It is desirable also 
to have a cardiopulmonary laboratory. 


III. DiaGNostic SERVICES TO THE 
PATIENT 

A. Outpatient Department. In many instances, 
the diagnosis of the congenital cardiac defect 
can be established on an outpatient visit by 
means of a complete medical history, physical 
examination, fluoroscopic examination, x-ray, 
electrocardiogram and laboratory studies for 
blood and urine. The cardiologist should be 
able to fluoroscope all patients as a part of 
his examination. 


B. Inpatient Department. It is well to recog- 
nize that some patients with congenital cardiac 
defects suffer from anoxemia, polycythemia 
or cardiac decompensation and require hos- 
pitalization and careful medical management 
during the period of diagnostic evaluation. 
Facilities for special diagnostic studies should 
be available to aid in a definitive diagnosis of 
all patients when necessary. Those patients 
in need of such studies as cardiac catheteriza- 
tion, angiocardiography or aortography should 
be hospitalized likewise for these procedures. 
It is preferable to have all diagnostic patients 
admitted to the medical or pediatric service 
of the medical center. 


C, Teamwork. All members of the staff or 
team should work together in the evaluation 
of the patient’s condition and in making de- 
cisions, but one staff physician should be 
solely responsible for the individual patient. 
The diagnostic team should have experience 
in the interpretation of cardiac catheterization 
findings in conjunction with the complete 
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clinical picture; never should cardiac cathe- 
terization or angiocardiographic findings be 
considered alone. It is desirable to hold regu- 
larly scheduled cardiovascular conferences to dis- 
cuss not only individual cases but changes in 
general concepts of cardiovascular surgery. 


IV. Basic REQUIREMENTS IN THE 
SurGicAL CARE OF PATIENTS 


A. A qualified surgeon with training and ex- 
perience in cardiovascular surgery, including 
the use of arterial grafts, should be directly 
responsible for the surgical care of patients. 
He should have sufficient experience to meet 
with confidence the innumerable unusual 
situations that may arise. 


B. There should be a full-time resident sur- 
gical and medical staff in the hospital, capable 
of dealing with all problems that arise follow- 
ing surgery. 


C. Nursing supervision and care by nurses 
familiar with the needs of patients undergoing 
cardiovascular surgery are essential. It is 
highly desirable to have specialized nursing 
care provided in a recovery unit on a 24 hour 
basis. These nurses should be trained in the 
aftercare of patients undergoing cardiovascu- 
lar surgery. Special nursing care should be given 
as long as it is medically advisable. 


D. A physician-anesthesiologist who has had 
experience with patients undergoing cardio- 
vascular surgery and open-chest anesthesia is 
mandatory. 


E. Special equipment such as various types 
of needed oxygen apparatus, blood bank 
facilities, cardiac resuscitation or tracheotomy 
sets should be available through each 24 
hours. 


F. A source of arterial grafts‘ should be avail- 
able to a surgical staff member who is ex- 
perienced in using them. 


G. The operating room should be thoroughly 
equipped with all the advisable surgical 
instruments especially devised for intrathoracic 


and cardiovascular work as well as those 
commonly required for general surgery. 

H. A recovery unit or its equivalent is impor- 
tant in providing special care and attention 
during the early hours after operation and 
advisedly should be open on a 24 hour basis. 


The highly specialized staff and the facilities 
mentioned above are considered basic and 
are often not available outside a medical 
center that constantly cares for such patients. 


V. AFTERCARE 


A. Staff Care and Evaluation of Patient. It 
is essential that the medical staff at all times 
work closely with the surgeon and evaluate 
the results of surgery and the patient’s cardiac 
reserve prior to discharge. Usually it is the 
responsibility of the cardiologist or pediatri- 
cian to assess the patient’s cardiac reserve and 
to make recommendations concerning re- 
sumption of his activities. 

The medical social worker and_ public 
health nurse should be available to assist 
with plans upon discharge of the patient from 
the hospital. They should follow through with 
referrals to the patient’s local community, 
when indicated. The aim of both nurse and 
medical social worker should be to work to- 
gether and to aid in follow-up planning, in 
order to achieve the best possible adjustment 
and rehabilitation of patient and family. 


B. Contact with Referring Physician. The 
referring physician should be kept informed 
at all stages of the diagnostic study and 
care. He should be advised concerning: 

(1) The indications and recommendation 
for surgery, 

(2) the results of operation, including the 
occurrence of any postoperative complications 
and 

(3) the condition of the patient at the time 
of discharge from the hospital. 

Recommendations for future medical man- 
agement and follow-up after discharge are 
necessary for all cardiac patients. 


C. Follow-up: It is advisable that the center 
request follow-up visits in order to obtain 
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accurate evaluation of the operative results 
over a long period of time and, in turn, to 
send this information to the referring physi- 
cian to assist him in his future management 
of the patient. It is sincerely hoped that all 
diagnostic and surgical centers will carefully 
evaluate their long-term operative results. 


CoMMITTEE MEMBERS 
Ruts Wuirremore, M.D., CHatrMan 


SIpNEY BLUMENTHAL, M.D. 
FRANK GLENN, M.D. 
Epwarp C. Lampert, M.D. 
Heten B. Taussic, M.D. 


REFERENCES 


‘Committee on Clinics: Recommended Standards 
for Cardiovascular Clinics: A Guide for Clinic 
Committees. Rev. ed. New York, American 
Heart Association, 1955. 

2? CouRNAND, A. AND Co-workers: Report of the 
Committee on Cardiac Catherization and 
Angiocardiography of the American Heart As- 
sociation. Circulation 7: 769, 1953. 

3 Report of the Committee on Cardiac Catheriza- 
tion and Angiocardiography: Recommendations 
for the organization of diagnostic laboratories. 
In preparation. 

4 Report of the Committee on Blood Vessel Banks: 
Recommendations for the establishment and 
gmaintenance of a blood vessel bank. Circulation 
13: 270, 1956. 





SPECIAL COMMITTEE REPORT 


Jones Criteria (Modified) for Guidance in the 
Diagnosis of Rheumatic Fever 


Report of the Committee on Standards and Criteria 
for Programs of Care 


Masor CRITERIA 
I. Carditis 
Il. Polyarthritis 
II. Chorea 
IV. Subcutaneous Nodules 


V. Erythema Marginatum 


N 1944, the late Dr. T. Duckett Jones 
| published criteria for the diagnosis of 
rheumatic fever which have been gener- 

ally accepted in the United States and in many 
parts of the world. Subsequently Dr. Jones 
guided the revision of his criteria for use in 
the United Kingdom-United States Coopera- 
tive study on “The Relative Effectiveness of 
ACTH, Cortisone and Aspirin in the Treat- 
ment of Rheumatic Fever” and, just prior to 
his death, he participated in a conference on 
the revision of his original suggestions for use 





This is a report of the Committee on Standards 
und Criteria for Programs of Care of the Council of 
Rheumatic Fever and Congenital Heart Disease of 
the American Heart Association and has been ap- 
proved by the Executive Committee of that Council. 
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MINor CRITERIA 
I. Fever 


II. Arthralgia 


. Prolonged P-R Interval in the Electrocar- 
diogram 
’, Increased Erythrocyte Sedimentation 
Rate, Presence of C-reactive Protein or 
Leukocytosis 
7. Evidence of Preceding Beta-hemolytic 
Streptococcal Infection 
. Previous History of Rheumatic Fever or 


the Presence of Inactive Rheumatic 
Heart Disease 


by the practicing physician. These modified 
Jones criteria are based in great measure upon 
his suggestions. 

Rheumatic fever is related to previous in- 
fection with group A 8-hemolytic streptococci, 
but the mechanism of the disease is unknown. 
Its boundaries are indefinite, and its differenti- 
ation from other diseases is sometimes impos- 
sible. There is no specific laboratory diagnostic 
test. The diagnosis must therefore be arbitrary 
and empirical. Criteria herein set forth are 
aimed at identifying those individuals who 
have had or are having an attack of rheumatic 
fever. They make no attempt to measure rheu- 
matic activity at any given time or to diagnose 
inactive rheumatic heart disease. Thus, follow- 
ing the designation of an illness as rheumatic 


Circulation, Volume XIII, April, 1956 





618 SPECIAL COMMITTEE REPORT 


fever, the existence of continued activity or 
the presence of inactive rheumatic heart dis- 
ase may be indicated by criteria different 
from those outlined below. 

Criteria are necessary in order to minimize 
both overdiagnosis and underdiagnosis. The 
tendency to label as rheumatic fever a chronic 
febrile illness for which no obvious cause can 
be found is to be deplored. The tragedy which 
may lie in the wake of the false diagnosis of 
rheumatic fever may be even greater than the 
possible harm of missed recognition in ques- 
tionable cases. The institution of effective pro- 
phylactic regimens requiring prolonged admin- 
istration of sulfadiazine or antibiotic agents 
places a grave responsibility on the physician 
in the diagnosis of this illness. 

In this statement, the diagnostic features of 
the disease are divided, as originally proposed 
by Jones, into major and minor categories, de- 
pendent upon their relative occurrence in rheu- 
matic fever and in other disease syndromes 
from which this disease must be differentiated. 
Thus, chorea is included among the major cri- 
teria while fever, a symptom common to many 
diseases, is placed in a minor category. These 
major and minor categories have no significance 
beyond their diagnostic import either as to prog- 
nosis, amount of “rheumatic activity” or severity 
of acute illness. Indeed, a severe manifestation 
of rheumatic fever, such as rheumatic pneu- 
monia, is not included because it is difficult to 
differentiate from congestive cardiac failure 
and because it almost always occurs in pa- 
tients whose rheumatic fever is so obvious as 
to offer no difficulty in diagnosis. 

The presence of two major criteria or one 
major and two minor criteria indicates a high 
probability of the presence of rheumatic fever 
(with one notable exception, see Other Mani- 
festations). In addition to the major and minor 
criteria to be used in the recommended formula, 
other manifestations have been listed which 
may be used to support the diagnosis. These 
criteria are not meant to substitute for the 
wisdom and judgment of the clinician. They 
are designed only to guide him toward a diag- 
nosis of the disease with the suggestion that he 
follow carefully all questionable cases and re- 


strict the diagnosis of rheumatic fever to ill- 
nesses which meet acceptable criteria. 


Magsor Dracnostic CriTERIA 


I. Carditis 


As evidenced by any one of the following: 


A. The presence of a significant apical sys- 
tolic murmur,* apical mid-diastolic murmurt 
or basal diastolic murmurf in an individual 
without a history of previous rheumatic fever 
or in whom there is good reason to believe 
there was no pre-existing rheumatic heart dis- 
ease; or a change in the character of any of 
these murmurs under observation in an indi- 
vidual with previous history of rheumatic fever 
or rheumatic heart disease. 


B. Obviously increasing cardiac enlargement 
determined by x-ray study. 


C. Pericarditis manifested by a friction rub, 


* A significant apical systolic murmur is long, fill- 
ing most of systole; is heard best at the apex; is as 
well transmitted toward the axilla as over the pre- 
cordium; and does not change with position or respi- 
ration. It must be differentiated from an innocent 
(functional) murmur which is frequently found in 
normal people. This innocent murmur is systolic, 
occasionally harsh, is heard best along the left sternal 
border and usually changes with position and respi- 
ration. Borderline systolic murmurs, intermediate in 
location and nature, occur and should be carefully 
watched. Questionable murmurs which are intermit- 
tently present or which, after a period of observation 
‘annot be clearly classified as significant, are rarely 
of any import. 


1 A significant organic apical systolic murmur is 
frequently accompanied by a low-pitched, short mid- 
diastolic murmur which is sharply localized to the 
chest wall over the apex of the heart and often heard 
best with a patient in the left lateral position with 
the breath held in expiration. This murmur, rarely 
present in the absence of an apical systolic murmur, 
confirms the significant nature of the latter. It must 
be differentiated from the long, low-pitched, cre- 
scendo apical presystolic murmur followed by an 
accentuated mitral first sound which is indicative of 
mitral stenosis but not of acute carditis. 


t The development of a basal diastolic murmur of 
aortic insufficiency is also indicative of carditis. It is 
an early, short, diminuendo murmur usually heard 
only or heard best along the left sternal border in 
deep expiration. It has great diagnostic value, even 
though it may be difficult to hear and present only 
intermittently. 








of 
; is 
urd 
in 


yen 
nly 








pericardial effusion or definite electrocardio- 
rraphic evidence. 

D. Congestive heart failure present (in a 
‘hild or young adult under 25) in the absence 
f other causes. 


II. Polyarthritis 


Polyarthritis tends to be migratory and is 
manifested by pain and limitation of active 
motion, or by tenderness, heat, redness or 
swelling of two or more joints. Arthralgia alone 
without objective evidence of joint involve- 
ment is not a major manifestation. 


III, Chorea 


This must be differentiated from habit 
spasm, athetosis and cerebellar ataxia. Move- 
ments must be characteristic, involuntary and 
of moderate severity if chorea is to be used as 
a major manifestation. 


[V. Subcutaneous Nodules 


Subcutaneous nodules are shot-like, hard 
bodies seen or felt over the extensor surface 
of certain joints, particularly elbows, knees 
and wrists, in the occipital region, or over the 
spinous processes of the thoracic and lumbar 
vertebrae. 


\. Erythema Marginatum 


This recurrent, pink, characteristic rash of 
rheumatic fever, in which the color gradually 
fades away from its sharp scalloped edge, is 
found mainly over the trunk, sometimes on 
the extremities, but not on the face. It is 
transient, is brought out by heat and migrates 
from place to place. 


Minor DraGnostic CRITERIA 

[. Fever 

A significant rise in temperature is a common 
ymptom, but, because it occurs in so many 
lInesses, it has little differential diagnostic 
‘alue. In order to be included, the elevation 
n temperature must clearly exceed the normal 
liurnal fluctuation in which there is great indi- 
idual variation. 


I. Arthralgia 


Pain clearly located without objective find- 
ngs is only a minor criterion for diagnosis. 
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The pain must be in the joint, not in the 
muscles or other periarticular tissues, and 
must be distinguished from the nocturnal pain 
in the extremities occurring in normal children. 
Arthralgia must not be used as a minor criterion 
when polyarthritis is included as a major cri- 
terion. 


III. Prolonged P-R Interval in the Electrocardio- 
gram 


Prolongation of the P-R interval may be 
nonspecific; it is considered a minor criterion 
and is not diagnostic of carditis. It cannot be 
used if carditis is already included as a major 
manifestation. 


IV. Increased Erythrocyte Sedimentation Rate, 
Leukocytosis, or Presence of C-reactive Protein 


Elevation in one or more of these nonspecific 
tests may be considered as a single minor cri- 
terion. Particularly to be deplored is the tend- 
ency to use any of these tests as a major cri- 
terion or as diagnostic of rheumatic fever. 
There are many other nonspecific tests, but 
these three are most commonly used. 


V. Evidence of Preceding Beta-Hemolytic Strep- 
tococcal Infection 


This must be documented by (1) a history 
of scarlet fever or by a typical clinical picture 
of other streptococcal infection, preceding the 
onset of rheumatic fever by one week to one 
month, the nature of the infection being con- 
firmed by a history of immediate contact with 
other individuals having typical streptococcal 
infection or by positive culture of the nose or 
throat in which 6-hemolytic streptococcus pre- 
dominates or (2) an elevated or rising anti- 
streptolysin-O titer. 


VI. Previous History of Rheumatic Fever or the 
Presence of Inactive Rheumatic Heart Disease 


The existence of either of these may be used 
as a minor criterion to aid in deciding the 
rheumatic nature of the illness in question. 
For this use, the previous history must be doc- 
umented by the same objective criteria as are 
set forth in this statement or by the presence 
of inactive rheumatic heart disease. 
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OTHER MANIFESTATIONS 


These include systemic manifestations, such 
as loss of weight, easy fatigability, elevated 
sleeping pulse rate (tachycardia out of propor- 
tion to fever), malaise, sweating, pallor or 
anemia and local manifestations such as epis- 
taxis, erythema nodosum, precordial pain, ab- 
dominal pain, headache and vomiting. These, 
as well as a family history of rheumatic fever, 
provide additional evidence of the presence of 
rheumatic fever, but are not to be included as 
diagnostic criteria. 

Combinations of these diagnostic criteria 
that occur in the presence of other illnesses 
must be ruled out before a definitive diagnosis is 
made. One combination in particular, poly- 
arthritis, fever and elevated sedimentation 
rate, is the weakest of all combinations of 
major and minor criteria. Diseases to be ruled 
out include rheumatoid arthritis, gonococcal 


arthritis, lupus erythematosus disseminatus, 
subacute bacterial endocarditis, nonspecific 
pericarditis with effusion, leukemia, sickle cell 
anemia, serum sickness (including manifesta- 
tions of penicillin sensitivity), tuberculosis, 
poliomyelitis, undulant fever and septicemias, 
particularly meningococcemia. 
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BACTERIAL ENDOCARDITIS 


Feder, I. S.: Treatment of Subacute Bacterial 
Endocarditis with Negative Blood Cultures. Am. 
J. Med. 18: 602 (April), 1955. 

The treatment of subacute bacterial endocarditis 
is discussed and the need for early, intensive and 
prolonged treatment is stressed. The management of 
cases with negative blood cultures is outlined. It 
has been the practice of the author, in all suspected 
cases of subacute bacterial endocarditis, to draw 
blood for culture at least twice on the day of ad- 
mission and daily thereafter for three days before 
definitive therapy is started. As soon as a positive 
culture is obtained, the sensitivity of the organism 
against the various antibiotics is tested even before 
it is identified. If the organism is entirely resistant 
to penicillin, the antibiotic to which the organism is 
most sensitive is administered in adequate dosage 
by the best route available for at least five weeks. 
If it is penicillin-sensitive, 10 million units of peni- 
cillin, dissolved in 1 liter of 5 per cent glucose in 
water in which 10 mg. of heparin are added to pre- 
vent thrombosis at the site of venipuncture, are 
given intravenously over 24 hours. Benemid has 
been given simultaneously at times. Occasionally, 
sireptomycin or dihydrostreptomycin in divided 
doses of 2 to 3 Gm. daily have been added intra- 
nuscularly. In patients suspected of having sub- 
aute bacterial endocarditis with negative blood 
c ltures, the author initiates therapy with 10 mil- 
lin U of penicillin daily intravenously, with 2 to 3 
Cn. of streptomycin or dihydrostreptomycin in 
d vided doses daily intramuscularly. If these are 
ti erapeutically effective, the temperature should 
b come normal in 48 to 72 hours. Should this not 
0 cur, the dose of penicillin may be doubled and 
I nemid added. If within another 24 hours, the 
t: nperature has not become normal or appreciably 
k ver, both drugs are discontinued, and one or a 
nbination of the other antibiotics is started. If 
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penicillin and streptomycin are partially but not 
completely effective, they are continued, and one or 
another antibiotic, and at times a triple sulfonamide, 
is added. When the effective drug or combination of 
drugs is found, treatment should be continued in 
the maximum dosage for at least five weeks, unless 
severe reactions occur to contraindicate their use. 
Harris 


Priest, W. S. and Smith, J. M.: The Effect of Healed 
Subacute Bacterial Endocarditis on Cardiac 
Dynamics. Arch. Int. Med. 95: 656 (May), 1955. 
On the basis of this study of 16 patients, alive 

approximately 10 years after recovery from bacterial 
endocarditis, the following points can be brought 
out: Bacterial endocarditis adequately treated does 
not appear to be as damaging to the heart as was 
previously believed. The ultimate fate of the large 
majority of patients cured of bacterial endocarditis 
is determined not by the residuals of the bacterial 
process, but by the severity or nature of the pre- 
existing cardiac damage or anomaly, and the 
subsequent presence or absence of rheumatic 
activity, coronary artery disease and hypertension. 
Severity of the myocarditis, incident to the active 
phase of bacterial endocarditis, plays a greater part 
in determining future cardiac impairment than does 
residual valve damage. The duration of activity 
of the infectious process prior to therapy does not 
seem to influence the future prognosis. Careful 
roentgen study in four projections, plus careful 
clinical evaluation, gives practically as much in- 
formation concerning the severity of pre-existing 
and subsequent cardiac damage as does cardiac 
catheterization. Cardiac catheterization is necessary 
when there is a question as to the exact anatomic 
diagnosis, or when the severity of subjective symp- 
toms is out of proportion to the physical, roentgen 
and electrocardiographic findings. 

BERNSTEIN 
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ABSTRACTS 


BLOOD COAGULATION 


McKay, D. G., Hardaway, R. M., III, Wahle, G. H., 
Jr., Edelstein, R., and Tartock, D. E.: Altera- 
tions in Blood Coagulation Mechanism after 
Incompatible Blood Transfusion. Clinical and 
Experimental Observations. Am. J. Surg. 89: 
583 (Mar.), 1955. 

Experiments were performed on dogs for the 
purpose of studying the effects of incompatible 
blood transfusion on the blood coagulation mecha- 
nism. One group of animals was given 100 mg. of 
cortisone a day for 3 days preceding the transfusion. 
Another had either no preparation or was dehydrated 
for 3 days prior to transfusion. 

Clinical hemorrhage occurred in all but two of 
the experiments. The most constant finding was 
gross blood in the stools. The hemorrhagic diathesis 
was associated with thrombocytopenia, prolongation 
of the coagulation and prothrombin times and a 
decrease in the number of circulating white blood 
cells. There was also the appearance of fibrinolytic 
activity, and of a circulating anticoagulant with 
some of the properties of heparin. 

Pretreatment with cortisone caused an elevation 
of the white blood count and a greater and more 
rapid decrease in the fibrinogen concentration in the 
first hour following incompatible blood transfusion. 
Cortisone also seemed to be responsible for an 
increase in the tendency to coagulation in this 
reaction. 

On the basis of their findings, the authors sug- 
gested that in the case of incompatible blood 
transfusion, the medical management should involve 
a complete, immediate estimate of all the major 
blood clotting factors with a subsequent replacement 
of fibrinogen, or the use of an antiheparin agent 
wherever indicated. 

ABRAMSON 


CONGENITAL ANOMALIES 


Eldridge, F. L. and Hultgren, H. N.: Pulmonary 
Stenosis with Increased Pulmonary Blood Flow. 
Am. Heart J. 49: 838 (June), 1955. 

Eight cases of pulmonic stenosis with increased 
pulmonary blood flow are described. Four had an 
interventricular septal defect, three an atrial 
septal defect and one, an aortic-pulmonary artery 
communication. The essential clinical features 
consist of a combination of the signs of an atrial 
or an interventricular septal defect associated with 
those of a pulmonic stenosis. Increased pulmonary 
vascular markings, which are seen by x-ray, caused 
the pulmonic stenosis to be overlooked in 7 of the 8 
cases. In five cases, the pulmonic second sound was 
accentuated. Surgery should be directed toward 
closure of the septal defect where this is possible, 
since the degree of pulmonic stenosis is usually mild 
and further enlargement of the valve orifice may 


only increase the magnitude of the left-to-right 
shunt. 
RINZLER 


Mustard, W. T., Rowe, R. D., Keith, J. D. and 
Sirek, A.: Coarctation of the Aorta with Special 
Reference to the First Year of Life. Ann. Surg 
141: 429 (April), 1955. 

The authors analyzed a group of patients less 
than one year of age with postductal coarctation 
and another group suffering from the infantile o1 
preductal type of coarctation. 

The diagnosis of postductal coarctation is sus 
pected in an infant, if a heart murmur or dyspne: 
or both are present, associated with impalpabl 
femoral arterial pulsations and higher blood pres 
sure readings in the arm than in the leg. An aorto 
gram is of considerable value in differentiating 
postductal from preductal types under one year 
since it will demonstrate the extent of narrowing 0! 
the aorta, and may show a ductus arteriosus. 

In the preductal group, there may be signs 
of dyspnea and heart failure, as in the case of the 
postductal type, and also a heart murmur. In som« 
cases, however, pulsations may be present in the 
femoral artery. 

Because of the high mortality (89 per cent) 
in the preductal type of coarctation, the authors 
advise almost immediate surgical intervention. In 
the case of the postductal type, approximately 60 


per cent of babies, who present signs or symptoms 
in the first year of life, die during that period. 
Therefore, potentially fatal cases should likewise be 
operated upon. Surgical excision should be per- 
formed. 


ABRAMSON 


Mannix, E. P., Jr., and Haight, C.: Anomalous 
Pulmonary Arteries and Cystic Disease of the 
Lung. Medicine 34: 193 (May), 1955. 

The authors report 15 cases of anomalous pul- 
monary arteries associated with cystic disease of the 
lung (including cystic bronchiectasis). The em- 
bryology and anatomy of anomalous pulmonary 
vessels are reviewed and the clinical literature is 
surveyed. The lung parenchyma supplied by the 
anomalous vessel may be normal, may be con 
genitally malformed or the site of an acquired 
pathologic process. In all but one of the authors’ 
cases, a congenital pulmonary cyst or cystic bron 
chiectasis was the primary pulmonary lesion. The 
anomalous artery usually arises from the aorta or an 
aortic branch, the most common origin being the 
lower thoracic aorta. 

The presence of an anomalous pulmonary artery 
should be suspected in any patient with cysti: 
disease, especially of the lower lobes, with onset o 
symptoms early in life. This is because the only 
effective treatment is resection of the involve 
portion of lung. If the incidence of anomalous 















rteries associated with cystic disease is not ap- 
reciated, serious and even fatal hemorrhage may 
‘cur during surgery. 

ENSELBERG 


Noss, A. J.: Coarctation of the Aorta in Siblings. 
J. Pediat. 46: 707 (June), 1955. 

Coarctation of the aorta in two siblings is de- 
‘ribed. One child, a boy, was eight years of age at 
ie time he was examined and successfully operated. 

female sibling, born after the first child was 
perated upon, was examined and operated upon 
iccessfully at the age of three years. The incidence 
f familial congenital cardiac abnormalities is dis- 
issed. 

HARVEY 


epulveda, G., Lukas, D. S. and Steinberg, L.: 
Anomalous Drainage of Pulmonary Veins. Am. J. 
Med. 18: 883 (June), 1955. 

Three cases of partial and three of total anomalous 
pulmonary venous drainage into the right atrium 
or its tributaries are reported. The main clinical, 
physiologic and angiocardiographic features are 
discussed. Among the group with partial anomalous 
pulmonary venous drainage, one case was un- 
complicated and asymptomatic. Two with symptoms 
had associated defects. All patients with total 
anomalous drainage of the pulmonary veins had 
symptoms, and two were cyanotic. Similarity of 
blood oxygen contents in the right ventricle, pul- 
monary and systemic arteries is a diagnostic feature 
of this anomaly. A filling defect produced by 
turbulence of the contrast material at the site of 
insertion of the anomalous vein was observed in the 
angiocardiogram of five cases. This previously 
unrecognized sign was of great value in establishing 
the diagnosis and permitting differentiation from 
an uncomplicated interatrial septal defect. 

Roentgenography is the most important simple 
examination which may reveal the diagnosis of 
transposition of the pulmonary veins. An anomalous 
right pulmonary vein draining into the inferior 
vena cava usually appears in the roentgenogram 
as a broad branching channel which curves in 
crescentic fashion near the right cardiac border, 
and descends toward the right cardiohepatic region. 
Usually the right atrial silhouette is prominent 
because of the increased blood flow. Pulmonary 
‘ins inserting into the left innominate vein also 
ive a characteristic x-ray appearance. Whether 
ie anomalous drainage is partial or complete, there 
ii a wide channel (a persistent left superior vena 
civa) at the left hilum and superior mediastinum. 
. sa result of the large blood flow it transmits, the 
1 ght superior vena cava dilates and forms a bulge 
i: the right superior mediastinal silhouette. 

Harris 


> — 


lowers, D., Burchell, H. B. and Wood, E. H. 
Difficulty in the Precise Localization by Cardiac 
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Catheterization of Left-to-Right Shunts Near the 
Pulmonary Valve. Proc. Staff Meet., Mayo Clin. 
30: 261 (June), 1955. 

When, in the same patient, the oxygen content of 
the blood in the pulmonary artery is higher than 
that in the right ventricle and the oxygen content 
of the blood in the right ventricle is itself higher 
than that in the right atrium, left-to-right shunts 
may be present above, below or both above and 
below the pulmonary valve. Unless the cardiac 
catheter can be manipulated through the defect 
(or defects) responsible for the shunts, presently 
available diagnostic technics may fail to demon- 
strate the precise location of the underlying defect 
(or defects). In the presence of a demonstrated 
aortopulmonary shunt, presently available diag- 
nostic technics may fail to exclude the possibility 
of an associated interventricular shunt. 

SIMON 


Eldridge, F. L. and Hultgren, H. N.: The Physiologic 
Closure of the Ductus Arteriosus in the Newborn 
Infant. J. Clin. Invest. 34: 987 (July), 1955. 
The oxygen content of blood obtained from the 

upper and lower extremities was studied in 60 
infants of various ages. From the differences in 
hand-foot oxygen saturation, it appears that in the 
new-born infant the ductus arteriosus is patent and 
is the site of a veno-arterial shunt of some magnitude 
for at least three hours after birth in about 30 per 
cent of infants. Calculations indicate that this shunt 
may contribute as much as 72 per cent of the total 
blood flow in the descending aorta. 

The influence of crying upon pressure relation- 
ships is unknown but it is quite possible that an 
increase in intrathoracic pressure on crying may 
cause a veno-arterial shunt to occur through the 
ductus where none was apparent at rest. It is sug- 
gested that a fall in pulmonary artery pressure to a 
level below the aortic pressure caused the disap- 
pearance of the hand-foot oxygen saturation differ- 
ence rather than actual closure of the ductus 
arteriosus. 

The data demonstrate that physiologic closure 
of the ductus may take place later than had pre- 
viously been supposed. It is interesting that only 
one of 43 newborn infants had a murmur in spite of 
the physiologic patency of the ductus arteriosus. 

WaIFE 


Bashour, F. and Winchell, P.: Preponderant Left- 
to-Right Flow Through a Ventricular Septal 
Defect in the Presence of Pulmonary Stenosis. 
Ann. Int. Med. 42: 1227 (June), 1955. 

At this time it would seem unwise to recommend 

a simple pulmonary valvulotomy for the patient 

with pulmonary stenosis and a left-to-right shunt 

through a ventricular septal defect. In these cases, 
the ideal procedure would be to combine pulmonary 
valvulotomy with closure of the septal defect. In 
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three cases of Fallot’s tetralogy studied by cardiac 
catheterization, it was found that the preponderant 
shunt at rest was from left to right instead of from 
right to left. The most important factor in deter- 
mining the pressure gradient, and hence the direc- 
tion of flow across the defect, seems to be the 
severity of the pulmonary stenosis. The shunt may 
reverse with exercise, since an increased cardiac 
output in the presence of a fixed right ventricular 
outflow tract resistance may elevate the right 
ventricular pressure to a level in excess of that in the 
left ventricle. Cyclic variations in the pressure 
gradient across the septal defect may account 
for slight arterial unsaturation at rest, although the 
major flow is from left to right. 
WENDKOS 


Blount, S. G., Mueller, H. and McCord, M. C.: 
Ventricular Septal Defect. Clinical and Hemo- 
dynamic Patterns. Am. J. Med. 18: 871 (June), 
1955. 

The clinical and hemodynamic data of 24 patients 
with ventricular septal defects indicate that the 
size of the ventricular defect constitutes the major 
anatomic variable in this anomaly and determines 
the resultant clinical and hemodynamic pattern. 
No surgical measures are indicated in patients with 
small ventricular septal defects in whom there is no 
significant pulmonary hypertension, and where left 
to right shunts are of small magnitude. Patients with 
large defects presenting severe pulmonary hyper- 
tension, marked increase in pulmonary vascular 
resistance, and left to right or right to left shunts of 
small volume probably have passed the stage where 
closure of the ventricular defect would produce 
significant beneficial results. The ideal candidates 
for closure of ventricular septal defects are, there- 
fore, patients presenting mild to moderate increase 
in pulmonary hypertension, slight to moderate in- 
crease in pulmonary vascular resistance and left to 
right blood flow of high magnitude. 

The electrocardiogram was found to be a diag- 
nostic aid and of significance in estimating the 
magnitude of the physiologic abnormalities. A 
normal electrocardiogram in a patient with ausculta- 
tory evidence suggesting a ventricular septal defect, 
indicated an absence of significant pulmonary 
hypertension and an absence of significant increase 
in pulmonary blood flow. The presence of high 
amplitude equiphasic QRS complexes in the mid- 
precordial positions was a characteristic feature of 
the electrocardiogram in patients with ventricular 
septal defects. This finding was interpreted as 
suggesting hypertrophy of both ventricles. A definite 
left ventricular hypertrophy pattern was associated 
with large left to right shunts in the absence of 
severe, pulmonary hypertension. The dominance 
of a right ventricular hypertrophy pattern in the 
precordial leads in patients with ventricular septal 
defects was associated with marked pulmonary 


hypertension and left to right shunts of smal 

magnitude. This finding was considered to sugges’ 

a late stage in the natural course of the disease. 
HARRIS 


CORONARY ARTERY DISEASE 


Marchand, W. E.: Occurrence of Painless Myo 
cardial Infarction in Psychotic Patients. Ney 
England J. Med. 253: 51 (July 14), 1955. 

This study was undertaken to evaluate the rol 
of a psychosis in painless myocardial infarction. : 
group of 51 patients with acute myocardial infarc 
tion occurring in a mental institution were analyzed 
Of these, 26 were diagnosed schizophrenic anc. 
had general paralysis of the insane. Rupture of th 
left ventricle occurred in four cases, and ruptvir 
of the interventricular septum developed in one cas« 
The author reports an incidence of rupture of th 
heart as the cause of death in 21.7 per cent o° : 
small group of cases in which sudden death occurre: 
in this institution, as contrasted with an incidence o 
2.1 per cent in sudden death occurring in the genera 
population. This is felt to support the conte tio 
that myocardial infarction does occur in thes 
institutionalized patients without complaints o 
pain or other signs or symptoms which might bring 
them to the attention of the hospital personnel. 

There were 52 acute myocardial infarctions in the 
51 patients studied. The presenting signs or symp 
toms included weak spell or collapse, chest pain, 
dyspnea, cyanosis or sudden death. Four patients 
were discovered because of an abrupt change in thei: 
psychotic behavior. Two patients were diagnosed by 
sheer chance, one as electrocardiograms were being 
done to check serum potassium levels, and the other 
when an electrocardiogram was being taken as a 
control observation, prior to the observation of the 
effect of sodium amobarbital upon mutism. Painless 
myocardial infarction occurred in 82.5 per cent of 
the cases, a figure which dropped to 67.5 per cent 
when the symptoms during the first 24 hours were 
analyzed. It is the belief of the writer that the mean 
ing of pain is lost to the majority of patients with 
organic or functional psychoses and for this reason 
they are nonresponsive to painful processes. 

ROSENBAUM 


Wasserman, F., Bellet, S. and Saichek, R. P.: 
Postoperative Myocardial Infarction. Report of 
Twenty-Five Cases. New England J. Med. 252: 
967 (June 9), 1955. 

This report is concerned with 25 cases of post 
operative myocardial infarction observed over 
period of six years at the Graduate Hospital 
Philadelphia. These 25 cases occurred in a series 0 
approximately 37,000 operations, 21 followed 
major operations and 4 followed minor procedures 
Nineteen patients showed clinical evidence of hea: 
disease prior to surgery and of the others, one ha: 
diabetes mellitus and one had pulmonary fibrosi:. 









ent 
ere 
an 

‘ith 


son 


M 

P.: 
t of 
252: 


ost 
ay 


45 0 


wen 


ures 
1eal 


ha: 
rosis . 


ital, 





['wenty-one received general anesthesia; in seven, a 
nuscle relaxant was used. Two received spinal 
inesthesia and two were operated upon under local 
inesthesia. A drop in blood pressure of 40 mm. 
systolic and 20 mm. Hg diastolic, or greater, occurred 
n 12 patients. The myocardial infarction occurred 
m the day of or within seven days of the operation 
n 92 per cent of the patients, and during the second 
yostoperative week in the remainder. The typical 
‘linical picture of acute myocardial infarction was 
‘bserved in only eight patients. The usual clinical 
nanifestations developed in only one-half of the 
‘ases; typical pain was present in one-third and 
iypotension was present in two-thirds of the 
patients. Five patients died, three of them directly 
lue to the myocardial infarction, one from uremia 
ind the other from septicemia with severe electro- 
yte imbalance. The authors believe that in the 
sroup of patients whose electrocardiographic changes 
‘onsisted of inverted T waves, these abnormalities 
vere due to ischemic and anoxic changes, resulting 
rom hypotension, leading to subendocardial in- 
‘arction often without occlusion of a major coronary 
utery. Among the factors predisposing to post- 
operative myocardial infarction, the authors mention 
cardiac enlargement and hypertension, coronary 
artery disease, congestive heart failure, valvular 
disease, particularly aortic stenosis, anemia and 
polycythemia, infections, electrolyte disturbances, 
anesthetic agents which cause anoxia, hypercapnia 
and hypotension, hemorrhage and visceral manipula- 
tions during surgery which may produce hypotension 
reflexly. In order to prevent the postoperative 
complication, these observers recommend a thorough 
preoperative cardiovascular survey, the early recog- 
nition and treatment of hypotension, arrhythmias 
and congestive heart failure, and careful regulation 
of the fluid, blood and electrolyte balance after 
surgery. 
RosENBAUM 


Cosby, R. S., Talbot, J. C., Levinson, D. C. and 
Mayo, M.: The Vector-Electrocardiogram in 
Acute Coronary Insufficiency and in Acute Myo- 
cardial Infarction. Am. Heart J. 49: 896 (June), 
1955. 

In 27 patients with acute coronary insufficiency 
and in 24 patients with acute myocardial infarction, 
lectrocardiograms and mean spatial vectors of QRS 
nd T have been described and compared. Acute 
onary insufficiency is a common clinical entity, 
t least half as common as acute transmural myo- 
irdial infarction. The diagnosis of acute coronary 
‘sufficiency may be made with reasonable ac- 
wwacy, and implies an area of subendocardial 
ecrosis which is anterior in location three times as 
equently as posterior. The mean spatial vector of 
RS, being a composite figure, shows little change 
i myocardial infarction, and, of course, in coronary 
‘sufficiency. The mean spatial T-vector shift is 


~ eh 


ABSTRACTS 





625 






greater in acute myocardial infarction than in acute 
coronary insufficiency. The maximum shift occurs 
earlier, on the third day in acute coronary insuffi- 
ciency, and considerably later in myocardial in- 
farction. In acute myocardial infarction, anterior in 
location, there is a close correlation between the 
degree of shift of the mean spatial T vector and the 
severity of the illness. Thus, in this situation, the 
degree of shift of the T vector appears to be a 
measure of the extent of myocardial injury. Complete 
electrocardiographic recovery occurs more fre- 
quently in acute coronary insufficiency. Also, the 
attainment of a stable electrocardiogram occurs 
earlier than in acute myocardial infarction. Vector- 
electrocardiography is of real value in acute coronary 
insufficiency and in acute myocardial infarction. It 
is a semiquantitative yardstick for the more de- 
tailed appraisal of the degree of myocardial injury 
and the amount of recovery. 

RINZLER 


Barr, D. P.: Influence of Sex and Sex Hormones 
upon the Development of Atherosclerosis and 
upon the Lipoproteins of Plasma. J. Chronic 
Dis. 1: 63 (Jan.), 1955. 

Comparative studies have revealed an earlier 
and greater incidence of coronary and _ peripheral 
atherosclerosis in men than in women. Clinically, 
angina pectoris, coronary occlusion and myocardial 
infarction rarely occur in women before the age of 
40, and arteriosclerotic disease of the vessels of the 
legs is more common in men. This sex-difference in 
susceptibility to coronary and peripheral arterial 
disease cannot be satisfactorily explained by 
anatomic studies, nor can it be correlated with any 
demonstrable variation with sex in the concentration 
of total lipids, cholesterol or phospholipids. Sex- 
linked differences in the distribution of lipoproteins 
san, however, be demonstrated by Cohn fractiona- 
tion or plasma or by the methods of paper electro- 
phoresis and ultracentrifugation. The plasma of 
young men contains a greater concentration of 
6-lipoproteins, a smaller amount of a-lipoproteins, a 
higher B-a@ ratio and a larger content of S; 10-20 
lipoproteins. Action of heparin in clearing alimentary 
hyperlipemia is less prompt in young men. The 
number of mast cells in their tissues is less than in 
young women. Both the differences in the incidence 
of clinical complications and in the state of the 
plasma lipids tend to disappear with aging, par- 
ticularly after the menopause. That the chemical 
differences between young men and women have 
some relationship to the development of athero- 
sclerosis is indicated by the demonstration that 
states of relative freedom from the disease are 
accompanied by lipid patterns like those of young 
women and that diseases and conditions which are 
accompanied by advanced atherosclerosis, or are 
known to be atherogenic, have patterns that are 
exaggerations of those found in young men. 
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Studies of spontaneous or induced atherosclerosis 
in the domestic fowl have been helpful, although 
certain gross species’ differences make their applica- 
tion to human disease uncertain. Experimental 
cholesterol-induced atherosclerosis causes coronary 
atherosclerosis in the male bird, but not in the 
laying hen, as well as extensive atheromatous lesions 
of the aorta in both sexes. Administration of estrogen 
inhibits prophylactically the development of coro- 
nary atheroma, but does not affect lipid deposit in 
the aorta. Estrogen also has a therapeutic effect in 
causing regression of coronary atheroma without 
modifying the degree of aortic atherosclerosis. 
These anatomic effects of estrogen are accompanied 
by modification of the chemical changes consequent 
to cholesterol feeding, and particularly are re- 
sponsible for an increase in the concentration of 
phospholipids and a lowering of the cholesterol- 
phospholipid ratios. They are not reversed in the 
chick by simultaneous administration of androgen. 

In man, the administration of estrogen transforms 
the highly abnormal lipid pattern of myocardial 
infarction to one that is indistinguishable from that 
of healthy young women. Methyl! testosterone exerts 
an opposite action. It exaggerates the lipid ab- 
normality of survivors of myocardial infarction; it 
produces patterns similar to those of coronary 
atherosclerosis in individuals whose plasma _ has 
previously shown no lipid abnormalities. Contrary 
to the experience in the chick, the administration of 
androgens simultaneously with that of estrogens 
obliterates the chemical effects of the estrogens. 

The accumulated clinical and experimental 
evidence leaves little doubt that sex is a potent 
factor in the development of atherosclerosis, that 
its influence is hormonal, and is accompanied by 
easily recognizable changes in the distribution of 
lipids in plasma. There is reason to believe that the 
development of coronary atherosclerosis and_ its 
complications is dependent upon factors not equally 
operative in other arterial systems. 

MAXWELL 


Chardack, W. M., Bolgan, F. J., Olson, K. C., 
Gage, A. A. and Farnsworth, W. E.: The Mortality 
following Ligation of the Anterior Descending 
Branch of the Left Coronary Artery in Dogs. 
Ann. Surg. 141: 443 (April), 1955. 

The effect of ligation of the anterior descending 
branch of the left coronary artery and of other 
procedures was studied in a series of 22 dogs. All but 
two survived the initial procedure. It was concluded 
that mortality studies following experimental 
coronary ligation were an unsatisfactory tool for 
the analysis of possible benefits derived from 
surgical procedures designed to protect the animal 
from such ligation. 

ABRAMSON 


Binder, M. J., Ryan, J. A., Jr., Marcus, S., Mugler, 
F., Jr., Strange, D. and Agress, C. M.: Evaluation 


of Therapy in Shock following Acute Myocardial 

Infarction. Am. J. Med. 18: 622 (April), 1955. 

There is need for uniform criteria for the classifica- 
tion of shock following acute myocardial infarction. 
The authors chose six criteria for determining the 
presence of, and evaluating therapy in, severe 
coronary shock: (1) acute myocardial infarction 
proven by electrocardiogram, autopsy or both, (2) 
systolic blood pressure 80 mm. Hg or less, pulse 
rate 110 or more (unless second or third degree A-V 
heart block is present) ; (3) clinical signs of peripheral 
circulatory collapse, marked oliguria or anuria, 
pallor or cyanosis or both, marked sweating, cold 
skin, dulled sensorium; (4) no improvement. in 
shock state for one-half hour after relief of pain 
and administration of oxygen; (5) absence of 
ventricular or supraventricular tachycardia, severe 
congestive heart failure, significant pulmonary 
infarction, recent cerebrovascular accident, diabetic 
acidosis, hemorrhage, infection and hypotensive 
drugs; (6) for evaluation of therapy, patient should 
survive at least one hour after the initiation of 
treatment. Using these criteria, the authors find 
Levoarterenol is the vasopressor drug of choice 
in patients with severe coronary shock. Compared 
to nonspecific therapy, Levoarterenol is beneficial 
and may be life-saving in an additional 20 per cent 
of these patients. Neither intravenous nor intra- 
arterial transfusions alone reduces the mortality 
rate in severe coronary shock. The mechanism of 
coronary shock is obscure and present therapy is 
empirical. Additional data are needed on _ the 
hemodynamic changes and mechanism of this 
syndrome. 

HARRIS 


Douglas, D. and Melrose, A. G.: The Relationship 
of Coronary Atherosclerosis and Chronic Peptic 
Ulcer. Glasgow M. J. 36: 147 (May), 1955. 

The authors summarize the recent literature 
(there has been a great amount) on the relationship 
between peptic ulcer and coronary atherosclerosis, 
in an attempt to prove a single causal relationship. 
From a study of the 3,421 post-mortem examina- 
tions at the Glasgow Royal Infirmary between 
1939-1948, they conclude that there is no direct 
relationship. 

HARVEY 


Kennard, M. A. and Haugen, F. P.: The Relation of 
Subcutaneous Focal Sensitivity to Referred Pain 
of Cardiac Origin. Anesthesiology 16: 297 (May), 
1955. 

Seventy-two patients with cardiac disorders, 35 
with thoracic disorders not related to the heart and 
45 with nonthoracic disorders were carefully ex 
amined in regard to the presence of sensitive areas 
(trigger sites) over the chest, back and shoulders. 
Such areas were found in 20 per cent of the indi- 
viduals without thoracic disease, in 48 per cent of 
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the patients who had a thoracic disorder not of 
cardiac origin and in 61 per cent of those with 
spontaneous cardiac pain. In the cardiac cases, 
laterality of spontaneous pain was associated with 
trigger tenderness of the same side. These focal 
points occurred in specific areas of identical location 
in all the subjects examined. 

On the basis of their findings, the authors suggest 
that these trigger areas result from focal inflam- 
matory changes arising from reflex vasomotor 
processes, and that these areas are located in 
close proximity to the larger and more superficial 
nerves. A concept is offered for the explanation of 
the syndrome of referred cardiac pain, postulating 
that the autonomic stimuli arising from visceral 
excitation travels to other autonomic afferents from 
the shoulder and neck which enter the same ganglia, 
and the same cord segments as do the cardiac 
afferents. This concept of autonomic-to-automic 
referral rather than autonomic-to-somatic referral 
also explains many other types of severe, deep- 
lying pain which do not follow the usual segmental 
somatic patterns. 

SAGALL 


Grossman, L. A. and Grossman, M.: Myocardial 
Infarction Precipitated by Master Two-Step 
Test. J. A. M. A. 158: 179 (May 21), 1955. 
Although widely employed, the two-step exercise 

test must not be considered an innocuous procedure. 

After the performance of such an exercise test, a 

patient developed myocardial infarction as demon- 

strated by the typical T wave changes. At no time 

did the patient have any substernal pressure or pain, 

but he did develop unusua! dyspnea during the test. 

The patient was hospitalized and treated with 

anticoagulants; electrocardiograms during _ this 

period showed T wave changes compatible with 
healing, anterior wall myocardial infarction. 
KitcHELL 


Wilkinson, C. F.: Effects of Lipotropes and Sitosterol 
on the Level of Blood Lipids and the Clinical 
Course of Angina Pectoris. J. Am. Geriatrics 
Soe. 3: 381 (June), 1955. 

The author reports that y-sitosterol had no effect 
n lowering the blood cholesterol level of four 
satients given 30 to 60 cc. of a sitosterol emulsion 
‘very meal, totaling 15 to 30 Gm. of soy sterol per 
lay. Another group of 40 patients with angina 
vectoris was given a mixture of choline and inositol 
ver varying periods of time and different environ- 
nental conditions. The blood cholesterol levels in 
hese patients were measured repeatedly, but 
howed no lowering on the mixture. Clinically, these 
vatients had continued attacks of angina during 
reatment periods as well as during control periods. 
“his was measured by the number of nitroglycerine 
ablets used daily by the patients. No statistical 
gures are given. 


HARVEY 
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CONGESTIVE HEART FAILURE 


Nylin, G.: Blood Volume and Residual Volume of 
the Heart in Decompensation. Am. Heart J. 49: 
803 (June), 1955. 

A method for determining the heart volume in 
decompensation by labelling the red cells with P*? 
or thorium B is described. Fifty-five patients with 
cardiac decompensation due to vascular or valvular 
heart disease were tested. Red cell volume is in- 
creased during decompensation, and most of this 
is due to increase of the residual blood in the heart. 
Data with reference to residual blood in the heart 
are obtained from measurement of the heart size 
by x-rays, together with calculation of a dilution 
curve. 

RINZLER 


Gunton, R. W., and Paul, W.: Blood Volume in 
Congestive Heart Failure. J. Clin. Invest. 34: 879 
(June), 1955. 

Blood volume studies were made on 102 patients 
in heart failure and on 107 control patients. The 
method of P*? tagged red cells was used. Under the 
conditions of the study, as described in detail in this 
report, it was found that in general the blood 
volume in congestive heart failure is greater than 
normal. This consists of an excess of both red cells 
and plasma. With compensation, the plasma frac- 
tion decreases. The red cell volume decrease is small 
and occurs more slowly. With the spontaneous 
reappearance of congestive failure the blood volume 
usually increases again. 

The authors were unable to determine any 
specific factors associated with the increased volume. 
Etiologic type of heart disease and the amount of 
edema would not seem to be factors, except in 
pulmonary heart disease in which the red cell volume 
is high. It also appears that congestion may occur 
with a redistribution of blood to the venous side 
without an increase in the total blood volume. 

WAIFE 


Heidorn, G. H. and Schemm, F. R.: The Clinical 
Use of Corticotropin (ACTH) and Adrenal 
Corticosteroids in the Therapy of Intractable 
Edema. Am. J. M. Sc. 229: 621 (June), 1955. 

Of the 33 patients with intractable edema studied 
there were 10 with nephrotic syndrome, 21 with 
refractory heart failure and 2 cardiac patients with 
sodium-dilution syndrome. ACTH and adrenal 
corticosteroid therapy were utilized in treatment of 
these patients in a metabolic unit for the determina- 
tion of sodium and water balances. The program 
was successful in promoting diuresis in 8 nephrotic, 
18 of the 21 heart failure patients and in the 2 
sodium depleted patients. According to the authors, 
the adrenal steroids exert a diuretic effect through 
suppression of the antidiuretic hormone of the 
posterior pituitary. It is suggested that patients 
with longstanding cardiac decompensation have 
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adrenal insufficiency and excessive antidiuretic 
hormone levels. The administration of steroids to 
patients with the sodium-dilution syndrome re- 
stored normal sodium and water balances. This 
form of therapy was found to result in a return of 
renal tubular sensitivity to mercurial diuretics 
in patients refractory to their use. The selection of 
patients to receive this treatment other than re- 
factoriness to usual therapeutic measures remains a 
problem. 
SHUMAN 


Frank, M. N., Dreifus, L. S. and Bellet, S.: Hor- 
monal and Electrolyte Influences in Heart 
Failure. Am. J. M. Sc. 229: 538 (June), 1955. 
The authors investigated the possible hormonal 

effects in the production of edema in five patients 
with congestive heart failure. Following establish- 
ment of basal conditions, pitressin tannate in oil was 
administered each morning until maximum effects 
were observed with water retention and weight gain. 
At this point, cortisone administration was begun. 
Both hormones were discontinued when maximum 
changes were established. In one case the sequence 
of hormone administration was reversed. Osmotic 
pressure of the blood and urine was determined by 
freezing point lowering technique. Sodium and 
potassium determinations of serum and urine were 
performed. 

Pitressin administration resulted in a reduction of 
urine volume and weight gain. There was an increase 
in total urinary solute concentration. All patients 
developed an increased venous pressure, edema and 
weight gain not accounted for by decreased urine 
volume, but was ascribed to thirst and ingestion of 
water. Upon cessation of Pitressin, there was a 
diuresis with decreased weight, loss of edema, rise 
in urine volume and increase in serum total solute 
and sodium excretion. After cortisone, there was 
further weight gain and edema formation. Urinary 
excretion of solute and sodium decreased although 
urine volume remained constant. The increase in 
weight was attributed to sodium retention with 
subsequent water reabsorption. There was no 
change in total serum solute and sodium concentra- 
tion with water retention. The two separate mecha- 
nisms involved are probably retention of water due 
to Pitressin, and sodium retention due to cortisone 
followed by water retention. 

SHUMAN 


ELECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY AND BALLISTO- 
CARDIOGRAPHY 


Prinzmetal, M., Rakita, L., Borduas, J. L., Flamm, 
E. and Goldman, A.: The Nature of Spontaneous 
Auricular Fibrillation in Man. J. A. M. A. 157: 1175 
(Apr. 2), 1955. 

Direct leads and high speed color motion pictures 


were recorded of the atria of 15 patients with spon- 
taneous atrial fibrillation before mitral commis- 
surotomy. ‘hese studies revealed a chaotic dis- 
turbance of atrial activity unlike anything seen 
during other arrhythmias. Fibrillation consists of 
heterorhythmic large and small waves occurring 
simultaneously at rapid and irregular rates. No 
circus movement was found. In normal rhythm, 
atrial flutter, tachycardia and extrasystoles, electric 
and mechanical waves pursue an orderly course 
from their site of origin to the extremities of the 
atria. Atrial fibrillation represents a complete 
breakdown of this orderly activity. Atrial fibrilla- 
tion may begin with a single extrasystole or be 
preceded by flutter. In either case there is a break- 
down of orderly activity and the rate at which 
this occurs is termed the fibrillation threshold. 
Tendency to maintain orderly atrial activity may 
diminish with age, hyperthyroidism, heart tailure 
or abnormal neurogenic tone. A rapidly discharging 
ectopic focus is essential to the perpetuation of auric- 
ular fibrillation and quinidine by gradually slowing 
the rate of discharge from such a focus reverses the 
process of breakdown that characterizes the onset 
of fibrillation. Orderly flutter waves replace the 
disorganized fibrillary activity as the rate drops 
below the fibrillation threshold, and normal sinus 
rhythm iecurs when the focus is inactivated. 
Clinical and pharmacologic observations appear 
incompatible with the theory of closing an excitable 
gap on a circus pathway. More likely drug therapy 
stops or slows atrial arrhythmias by depressing an 
ectopic focus. Quinidine and procaine amide seem 
to depress ectopic foci by raising the threshold of 
excitability or by lengthening the refractory period. 
Antiarrhythmic drug action in man may be ex- 
plained more simply, consistently, and rationally by 
the ectopic focus theory than by the circus move- 
ment theory. 
KITCHELL 


Van Bogaert, A., Van Geneback, A., Van der Heuts, 
H., Vandael, J. and Arnoldy, M.: Topographic 
Value of Unipolar Limb Leads. A Critical Experi- 
mental Study. Arch. mal. coeur 48: 321 (April), 
1955. 

Following a review of Wilson’s concepts concerning 
the exact meaning of “electrical position” of the 
heart, and the concept of intracavitary potentials 
and their applicability to practice, the authors 
report on a series of experiments bearing on the 
problem. The first group of experiments consisted 
of electrically isolating a beating animal heart by 
means of a rubber glove. This set-up permitte 
the conclusion that negative potentials in unipola: 
limb leads do not represent cavity potentials trans 
mitted through the opening at the base of the heart 
but actually are the reflection of an almost permanen 
negativity existing in the course of depolarization a 
the basis of the right ventricle. In a second set « 












experiments, the effect of rotations of the heart, 
along its three axes, upon the behavior of the three 
unipolar limb leads was studied. This was performed 
in open-chest animals with the heart surrounded by 
air, and after the thorax had been filled with a 
physiologic conducting solution of serum. The 
records obtained demonstrated clearly that the 
main factor determining the shape and direction of 
the QRS complex in the unipolar limb leads is the 
orientation of the various surfaces of the heart, 
relative to the point of attachment of extremities, 
from which the leads were obtained. Additional 
factors are preferential conduction pathways, or 
exclusion of certain pathways of electric flow, 
through inhomogenous conductors varying with the 
milieu, by which the heart is surrounded. The term 
electric position is a purely electrocardiographic 
term and, in order to avoid misconceptions con- 
cerning anatomic positions of the heart, should not 
be used in practical electrocardiography. 

Pick 


Moreira, J. A.: The Accuracy of the Vectorial In- 
terpretation of Electrocardiographic Tracings. 
Am. Heart J. 49: 880 (June), 1955. 

This study was undertaken to obtain a method 
of vectorial interpretation of electrocardiographic 
tracings which enables one to determine in each 
case the degree of validity of the vectorial interpreta- 
tion and accuracy of the vectorcardiographic 
techniques available. The method chosen by the 
author consists essentially in the unrestricted ad- 
mission of the hypothesis necessary for the repre- 
sentation of the cardiac electric field, at each in- 
stant, by a vector, and the comparison of the real 
relations of sets of curves in each subject with those 
so theoretically predicted. All points for the 
leads must be located on a continuous convex 
region of the surface of the body with a spherical 
electric symmetry. 

In such a region, first, the difference of potential 
between a point P on the thorax and points P; 
equidistant from P is a sinusoidal function of the 
angle defining and the position of the points Pj 
and, second, the difference of potential between the 
point P and conducting ring, including all the points 
P; is proportional to the potential at P. The degree 
with which the first condition is verified may be 
measured by a correlation coefficient, and the 
second condition implies that the tracing so ob- 
tained must be similar to the unipolar at P, and the 
quotient of the amplitudes of the two tracings 
at each instant is a function of the distance of the 
dipole to the point P. It is supposed that the vectorial 
interpretation is valid when that correlation co- 
efficient is approximately equal to 1 (or, more 
practically, when a sinusoidal curve is approxi- 
mately obtained with the differences of potential 
measured as referred to in the first condition), and 
the calculated distances are the same for the dipoles 
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of a cardiac cycle. Methods are given for the calcula- 
tion of the vectors and the construction of the 
vectorcardiogram in this case. 

RINZLER 


ENDOCRINE EFFECTS ON 
CIRCULATION 


Ulrich, F. and Long, C. N. H.: The Effects of 
Propylthiomocil and Thyrotropic Hormone on the 
Uptake of Radioactive Thallium by the Rat 
Thyroid. Yale J. Biol. & Med. 27: 371 (April), 
1955. 

It has been shown that after a large dose of 
radioactive thallium, the greatest amount of the 
isotope is taken up by the kidney, followed by 
the colon and the thyroid. The authors undertook 
to determine whether the thyroid uptake could be 
influenced by propylthiomocil and _ thyrotropic 
hormone. The isotope was injected intraperitoneally 
into rats, the propylthiomocil was mixed into the 
feed, and the thyrotropic hormone was injected 
subcutaneously. 

The thyroid uptake of Tl?! was increased in the 
propylthiomocil-treated animals, both on an absolute 
and on a weight basis. This increase became mani- 
fest in eight hours after the injection of T]?%. 

Thyrotropic hormone did not release the isotope 
from the thyroid, but the pretreatment did result 
in a significant increase in the Tl content of the 
gland. The isotope content of blood, plasma, ad- 
renals and pituitary was not affected by either 
propylthiomocil or thyrotropic hormone. 

ENSELBERG 


HYPERTENSION 


Renwick, R., Robson, J. S. and Stewart, C. P.: 
Observations upon the Withdrawal of Sodium 
Chloride from the Diet in Hypertensive and 
Normotensive Individuals. J. Clin. Invest. 34: 
1037 (July), 1955. 

It has been stated that there is a clear difference 
in response of normotensive and hypertensive sub- 
jects to withdrawal of salt. The hypertensives lost 
less weight and excreted a smaller urine volume in 
the first 24 hours. In the present report on 6 hyper- 
tensive and 6 normotensive subjects on a constant 
diet, it was found that considerable individual varia- 
tion in weight and urinary volume exists after abrupt 
salt withdrawal. However, no consistent difference 
between normotensive and hypertensive groups was 
found. 

After salt withdrawal and while urinary sodium 
excretion was diminishing, a temporary increase in 
urinary potassium excretion was found. There was 
no associated increase in nitrogen excretion and 
hence the potassium loss was not due to tissue 
breakdown. This suggests that increased adreno- 
cortical activity may be an immediate response to 
the removal of salt from the diet. 


WaAIFE 
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Goodyer, A. V. N., Rosenthal, E. and Jaeger, C. A.: 
The Clinical Evaluation and Management of 
Hypertension. Yale J. Biol. & Med. 27: 451 
(June), 1955. 

The authors have attempted to crystallize a 
rational approach to the management of the hyper- 
tensive patient, based on review of the literature, 
and their own experience with 56 cases. 

Part I. Evaluation of the Definition, Etiology and 
Prognosis of Hypertension. Among the points em- 
phasized, are the advisability of using the muffling 
of Korotkoff sounds as the best indication of the 
diastolic level, the frequency of mild postural 
hypotension in the untreated patient, the frequency 
of hyperlability of blood pressures, and the sig- 
nificance of diastolic values as compared with 
systolic values. The intricacy of etiologic mecha- 
nisms and the interplay of neurologic, hormonal 
and renal factors is discussed. An arbitrary scoring 
method is presented for estimating the severity and 
prognosis of hypertensive vascular disease, in order 
to facilitate the choice of a method of treatment. 

Part II. Evaluation of Fundoscopic Findings in 
Hypertension. Normal vascular anatomy is briefly 
reviewed. Vascular changes associated with hyper- 
tension result in angiopathy, retinopathy and 
neuropathy. Angiopathic changes are irregularities 
(spasms) and narrowing. Retinopathy results in 
extravasations and infarctions, manifested by flame- 
shaped hemorrhages, cotton-wool exudates, and 
edema. Neuropathic changes occur after edema 
involves the optic nerve, obliterating the disc 
margins and causing the nerve head to protrude. 
This finding is associated with hypertensive enceph- 
alopathy. 

As a consequence of long-standing hypertension, 
arteriolar sclerosis occurs and this presents a 
different set of ophthalmoscopic findings: (1) 
Changes in arteriolar light reflex (widening, ‘‘copper 
wire” arterioles, “silver wire’ arterioles); (2) 
changes in arterio-venous crossings (nicking, com- 
pression, angulation of venules); (3) increased 
tortuosity of both arterioles and venules; and (4) 
choroidal changes (depositions of pigment and 
chorioretinal atrophy). 

Part III. Medical Treatment of Hypertension. 
The characteristics and methods of administration 
of the common anti-hypertensive agents are dis- 
cussed. They include Rauwolfia, Veratrum, Apreso- 
line, and the autonomic ganglionic blocking agents, 
as well as low-sodium diets. Combination treatments 
are proposed, based on evaluation of the severity 
of the disease. Hypertensive crises, such as encepha- 
lopathy or pulmonary edema, may be managed by 
the cautious intravenous use of Veratrum or auto- 
nomic blocking agents. 

ENSELBERG 


Newton, T. H., Smith, G. I., Kolb, F. O. and Smith, 
D. R.: Successful Use of Regitine (Phentolamine) 


in the Diagnosis and Surgical Management of a 
Case of Pheochromocytoma. An Appraisal of Its 
Clinical Usefulness. New England J. Med. 252: 
974 (June 9), 1955. 

The case of a young woman, aged 30 years, with a 
pheochromocytoma correctly diagnosed and_re- 
moved with a good result is reported. The classical 
features of headache, excessive sweating and marked 
hypertension and manifestations suggesting thyro- 
toxicosis were present. It is of interest that the 
benzodioxane test gave a false-negative result. In 
the discussion of the various diagnostic procedures 
available in this disorder, the authors point out that 
those drugs which initiate an attack of hypertension 
should be used only when the patient is in a normo- 
tensive or low hypertensive state. To avoid false- 
positive reactions, the patients should not be given 
sedatives for at least 12 hours, or thiocyanates 
for 4 to 6 days before the test. Histamine is the 
safest agent and has given the fewest false-positive 
and false-negative reactions. Mecholyl is not as 
reliable as histamine and is more dangerous. Agents 
which lower the blood pressure should be used when 
the patient is in a definitely hypertensive state; 
i.e., with levels of 170 systolic, 110 diastolic or 
higher. Dibenamine is of doubtful value; benzo- 
dioxane and Regitine are the agents of choice. When 
benzodioxane is used, false-positive reactions are not 
uncommon especially if the patient is uremic, and 
false-negative reactions are not rare. Regitine is 
considered the safest of the available adrenolytic 
agents but false-positive reactions are more common 
with it than with benzodioxane, especially in 
patients with uremia, under sedation or with 
slightly elevated blood pressures. X-ray visualization 
by means of presacral oxygen insufflation has proven 
to be an accurate technique and was used to ad- 
vantage in the case reported. The authors mention 
that direct estimation of catechols in the blood and 
urine promises to be a very reliable test for pheo- 
chromocytoma. The hazard of the surgical removal 
of a pheochromocytoma may be reduced by using 
blocking agents such as Regitine before and during 
the actual removal of the tumor, and by controlling 
hypotension after removal of the tumor with in- 
fusions of neoepinephrine or epinephrine. In the case 
reported, there was evidence of relative adreno- 
cortical underactivity as determined by measure- 
ment of urinary corticoids prior to the operation 
with a gradual return to normal over a period of 
three months after removal of the medullary tumor. 

RosENBAUM 


Pastor, B. H., Myerson, R. M., Wohl, G. T. and 
Rouse, P. V.: Hypertension Associated with 
Renal Artery Aneurysm and Relieved by Ne- 
phrectomy. Ann. Int. Med. 42: 1122 (May), 
1955. 

A 36-year old white male complaining of inter- 
mittent right flank pain of one and one-half years’ 
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duration which had become worse 10 days prior to 
admission to the Philadelphia Veterans’ Administra- 
tion Hospital, had been told that he had had hyper- 
tension in the past. The elevated blood pressure had 
been noted on two previous hospitalizations, one for 
arterial occlusion of the left leg and another for 
arterial occlusion of the right leg. At the time of his 
entry to the hospital, the patient’s blood pressure 
was 210/126. There was grade II hypertensive 
retinopathy, with attenuation and tortuosity of the 
arterioles and arteriovenous nicking, but no hemor- 
rhages or exudates. The heart was not enlarged. 
There was a faint systolic murmur at the apex. 
Although the blood pressure in the legs was un- 
obtainable, normal femoral and diminished dorsalis 
pedis and posterior tibial pulses were present. 
Roentgen examination revealed calcification in the 
arteries of the lower extremities. In a survey film of 
the abdomen, the right kidney was quite small. 
However, on intravenous urography, there was ex- 
cellent concentration of dye in both kidneys in the 
usual time interval. The renal pelvis on the right, 
though small, was normal in appearance. Differential 
renal function studies showed some impairment of 
function on the right, but total renal function was 
excellent. An aortogram was attempted but the 
study was unsatisfactory because of poor visualiza- 
tion of the renal vessels. In an attempt to relieve 
the peripheral vascular insufficiency, — bilateral 
lumbar sympathectomy was performed; this was 
followed by considerable improvement in the 
intermittent claudication. During hospitalization the 
blood pressure ranged from 160 to 220 systolic and 
100 to 150 diastolic, with an average of 180/120 mm. 
He was readmitted to the hospital because of con- 
stant right-sided abdominal pain. He also com- 
plained of pain in both groins, particularly on the 
right, persistent, intermittent claudication and loss 
of libido. Examination revealed essentially the same 
findings as on the previous admission. The blood 
pressure was 190/110 mm. An x-ray of the chest 
showed slight left ventricular enlargement. The 
electrocardiogram was normal. A repeat translumbar 
aortogram revealed a small right kidney measuring 
4.5 by 10 em. The lower pole was poorly visualized, 
and the upper two-thirds appeared to be supplied 
with blood by an accessory renal artery arising as a 
terminal branch of the celiac axis. At the site of 
origin of the main renal artery there was a rounded 
density 1.5 by 2.5 cm. This density persisted after 
the dye had disappeared from the rest of the ab- 
dominal circulation. It was interpreted as a saccular 
aneurysm of the right renal artery, with occlusion 
distal to the sac. The left renal artery was normal 
and the left kidney was normally vascularized. An 
operation revealed a ruptured renal aneurysm 
with a false aneurysmal sac filled with laminated 
clot. Right nephrectomy and repair of the aorta at 
the site of origin of the renal artery aneurysm were 
accomplished. It was necessary to occlude the aorta 
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just below the diaphragm for 23 minutes. During 
this period there was no blood flow to the left 
kidney or to other organs supplied by branches of 
the aorta below this level, except through their 
collateral circulation. Following operation the blood 
pressure fell to 100/70 and gradually stabilized at 
110/80 mm. There was marked oliguria for five 
days, and the blood urea nitrogen rose rapidly to a 
level of 187 mg. per cent with a creatinine of 13.3 
mg. per cent. The blood urea nitrogen gradually fell 
to a level of 25 mg. per cent, with a creatinine level 
of 2.0 mg. per cent. The final blood urea nitrogen 
was 23 mg. per cent. Two weeks after the operation, 
some difficulty with postural hypotension was 
experienced by the patient, but it was controlled by 
elastic bandages and ephedrine. Approximately 
two and one-half months after the operation, the 
blood pressure was 120/80 supine and 110/90 mm. 
in the erect position. Pathologic examination of the 
kidney confirmed the presence of a large, false 
aneurysm filled with laminated clot. Microscopic 
examination of the kidney revealed atrophy and 
degenerative changes with predominantly tubular 
involvement. In some areas the changes were said 
to resemble coagulation necrosis. There was also 
necrosis in the pelvic region. 

WENDKOS 


Schroeder, H. A.: Hypertensive Vascular Disease: 
Therapy with Modern Drugs and its Limits. 
J. Chronic Dis. 1: 497 (May), 1955. 

The author discusses the rationale, technics, 
side-effects, limitations and modes of action of 
modern antihypertensive drugs in the treatment of 
hypertensive vascular disease. His opinions and 
recommendations are based on previous data from 
400 patients, most of them in complicated or ac- 
celerated phases of the disease. 

All patients with sustained hypertension, and most 
patients with fluctuating hypertension, should be 
treated in an attempt to achieve as normal a cardio- 
vascular state as possible. Sustained control of 
blood pressure by drugs can be achieved in coopera- 
tive individuals in all stages and phases of the 
disease except the severely azotemic. In almost all 
severe cases, two approaches have been found neces- 
sary; i.e., a drug which influences the neurogenic 
factor and another which acts on vascular smooth 
muscle, for a favorable response. The cardinal rule 
of therapy is to lower blood pressure steadily and 
slowly until sustained normotension is achieved. 
Blood pressures must be recorded frequently and 
combinations and doses of drugs individually 
tailored. Patience, persistence, and optimism are 
essential prerequisites for the physician. The only 
resistant cases are in patients who received inter- 
mittent or inadequate therapy. Although we have 
little understanding of the basic disease, the evi- 
dence suggests that prolonged and adequate control 
of hypertension by drugs reverses the underlying 
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process, whatever it may be. In any event, many of 
the secondary vascular effects of hypertension 
(cardiac, renal, ocular, cerebral) can be prevented. 
An appendix to the main article offers specific 
details of treatment in the various phases of the 
disease. 
MAXWELL 


Smithwick, R. H.: Hypertensive Vascular Disease. 
Results of and Indications for Splanchnicectomy. 
J. Chronic Dis. 1: 477 (May), 1955. 

The author summarized the 5 to 16 year follow-up 
of 2,070 patients with hypertension, of whom 1,506 
were treated with lumbodorsal splanchnicectomy, 
and 564 were treated medically. In some patients, 
both medical and surgical measures were employed, 
and in other cases no treatment was instituted. The 
patients were classified in four groups, depending 
on the severity of the hypertension, retinal changes, 
renal function and cardiovascular complications; 
Group 1 were patients with minimal ambulatory 
hypertension and no secondary changes and Group 
4 patients had advanced, severe hypertension with 
associated complications. A group of 151 patients 
with accelerated ‘‘malignant’? hypertension were 
presented separately. 

Actuarial survival curves and five-year mortality 
rates showed a highly significant difference in out- 
look for the patients in the various groups in the two 
series in favor of the surgically treated patients. 
This difference was most marked in groups 2 and 3 
(moderate hypertension with minimal to moderate 
associated cardiovascular changes). Female pa- 
tients had a better prognosis than male patients, 
regardless of the form of treatment. In male pa- 
tients, the difference in prognosis between surgically 
and nonsurgically treated patients was somewhat 
greater than in female patients. Splanchnicectomy 
exerted its greatest effect on prognosis when opera- 
tion was performed soon after important changes in 
the vascular system began to make their appearance 
(group 2), and even when the abnormalities were 
moderately advanced and widespread (group 3). 
Splanchnicectomy rendered patients with the more 
severe forms of hypertensive vascular disease 
more susceptible to dietary and drug therapy, as 
well as to rest. It was noted that since the minimal 
follow-up was five years, “nonsurgical treatment” in 
general did not include the newer hypotensive 
agents developed during the past few years. 

Surgically treated patients in the accelerated 
phase ‘‘malignant hypertension” survived longer 
than nonsurgically treated patients. The status of 
renal function in this group did not make much 
difference in the medical series, whereas, in the 
surgical series the prognosis appeared to be very 
definitely related to renal function in the sense that 
if the latter was normal or only slightly decreased 
at the time of operation, the outlook was much 
better than when kidney function was moderately 


or markedly impaired. Although the number of 
patients in the accelerated phase who were treated 
medically was small, the results suggested that the 
treatment employed had little effect upon the 
mortality rate. 

The following therapy is now used by Dr. Smith- 
wick and his associates: (1) Asymptomatic patients 
with early hypertension are checked yearly for 
cardiovascular changes and when these occur, 
medical treatment is instituted; (2) the treatment 
of patients with more advanced disease depends upon 
cardiovascular changes and the sex of the indi- 
vidual, group 1 females are treated medically, 
group 1 males are given a choice, while surgery is 
recommended as the treatment of choice for all 
patients falling into groups 2 and 3; (3) group 4 
patients are treated surgically if the cardiovascular 
changes, particularly renal, do not indicate a hope- 
less prognosis and (4) in the accelerated phase, 
splanchnicectomy is recommended for patients who 
still have normal or only slightly reduced kidney 
function as judged by phenolsulfonphthalein excre- 
tion. 


MAXWELL 


Perera, G. A.: Hypertensive Vascular Disease: 
Therapeutic Principles and Objectives. J. Chronic 
Dis. 1: 472 (Mav), 1955. 

In this introductory article to a symposium on the 
management of essential hypertension, the author 
briefly reviews the natural evolution of the disease 
and considers the objectives to be achieved in 
treatment. 

The disease is divided into three major sub- 
divisions: (1) uncomplicated hypertensive phase, 
usually lasting about 15 years, either asymptomatic 
or with intermittent symptoms, such as nervousness, 
dizziness, headache and palpitation; (2) complica- 
tions, usually cardiovascular or arteriolosclerotic, 
and leading to death in approximately five years; 
(3) accelerated ‘malignant’ phase, with progressive 
renal damage, retinopathy and encephalopathy, 
rapidly fatal, which may occur at any time in the 
course of hypertensive disease. 

Because we cannot yet remove the cause of 
hypertension or prevent the development of patho- 
logic changes, the objectives of treatment are: To 
educate the patient to live with his disease, to relieve 
apprehension and fear, to deal with bothersome and 
sometimes incapacitating symptoms and, if one 
cannot give added “years of life,’ then to give “life 
to years.” 

There is no convincing proof that any therapeutic 
measure has lengthened the life of a hypertensive 
individual in the uncomplicated phase and, indeed, 
there is uncertainty regarding the relationship of 
elevated blood pressure, its duration or its height to 
the complicating pathologic changes. Potentially 
therapeutic measures must be weighed against their 
possible undesirable side-effects or risks. Many 
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therapeutic measures produce dissimilar magnitudes 
of response and degrees of tolerance when applied 
to different individuals or in different phases of the 
lisease. Hence, the treatment of each patient must 
be looked upon as an experiment or as part of a 
group study, and one is not justified in using the 
hypotensive response as the sole criterion of im- 
provement. 


MAXWELL 


Mc Michael, J. and Murphy, E. A.: Methonium 
Treatment of Severe and Malignant Hyperten- 
sion. J. Chronic Dis. 1: 527 (May), 1955. 

The principles of methonium or pentolinium 
treatment of severe and malignant hypertension are 
reviewed, with emphasis on practical details. Certain 
hypertensive manifestations, such as headache, 
retinitis or cardiac strain are reversible by phasic 
reduction of blood pressure. Other damage of an 
anatomic nature in blood vessels and other tissue 
may be irreversible. In malignant hypertension 
without initial severe uremia, the survival rate 
seems definitely prolonged by treatment. Ameliora- 
tion of retinitis and heart failure often permits 
return to full activity. If gross uremia (blood urea 
greater than 130 mg. per 100 ml.) is present from the 
time of recognition of a malignant phase, it is im- 
probable that treatment will be successful in pro- 
longing life. The patient most likely to benefit from 
methonium treatment is a subject between the ages 


of 30 and 55 with hypertensive retinitis and pre- 
dominant cardiac strain, without severe arterio- 
sclerotic complications, such as angina or cerebro- 
vascular accidents, and without renal impairment. 
Other medical therapeutic measures are considered 
inferior to parenteral methonium. 


MAXWELL 


Smirk, F. H. and McQueen, E. G.: Treatment of 
Hypertension. J. Chronic Dis. 1: 516 (May), 
1955. 

In the form of a synthetic panel discussion, the 
authors answer hypothetical questions on the treat- 
ment of hypertension. All patients with an elevated 
“basal blood pressure” (lowest level to which the 
blood pressure falls after full sedation) should be 
treated with drugs. Milder cases are treated with 
reserpine alone, and more advanced hypertension is 
treated with combinations of reserpine and a 
ganglionic-blocking agent, usually pentolinium 
(Ansolysen). Hypertension secondary to diffuse 
renal disease (nephritis) or to toxemia of pregnancy 
should be treated, since there is strong evidence 
that in all forms of sustained hypertension, if the 
blood pressure can be reduced for a sufficient part of 
the 24 hour day, there is amelioration or even dis- 
appearance of many reversible clinical manifesta- 
tions. Most of the vascular changes secondary to 
hypertension (heart failure, encephalopathy, retinop- 
athy, coronary insufficiency) will regress with 


adequate therapy; severe renal insufficiency (blood 
nonprotein nitrogen over 60 mg. per cent), however, 
usually progresses inexorably to uremia and death 
despite relief of the hypertension and the associated 
symptoms. 

Individual dosage of, and tolerance to, reserpine 
and pentolinium are highly variable from one 
patient to the next. The importance of measuring 
blood pressure in the standing position is empha- 
sized. The aim of therapy is to lower the systolic 
blood pressure measured in the standing position to 
120 mm. Hg at the trough of the blood pressure fall. 
The hypotensive effects of the methonium com- 
pounds are fully active only when assisted by 
gravity, and postural hypotension in an integral part 
of the treatment. The correct dose can often be 
approximated by increasing the dose in small 
increments until the patient experiences a feeling of 
faintness when standing quietly at the time of 
maximum drug action. The advantage of gravity is 
also utilized by instructing patients to sleep in a 
“head up” position. 

MAXWELL 


Moyer, J. H., Beazley, H. L., McConn, R., Hughes, 
W., Ford, R. and Dennis, E.: Clinical Results with 
the Use of Roxinil (an Extract of Rauwolfia 
Serpentina) in the Treatment of Hypertension. 
Am. Heart J. 49: 751 (May), 1955. 

Forty patients with essential hypertension of 
variable severity were treated with Roxinil, an 
extract of Rauwolfia serpentina containing multiple 
alkaloids. These results were then compared with 
those obtained with the alseroxylon fraction as well 
as the pure alkaloid, reserpine. Roxinil is an effective 
agent for reducing the blood pressure in patients 
with hypertension. It reduces the pressure in pa- 
tients with severe disease as well as in patients 
with disease of mild to moderate severity. How- 
ever, the patients in whom the pressure returned to 
normotensive levels were predominantly from the 
group with less severe disease. The blood pressure 
response, side reactions, and general clinical re- 
sponses with Roxinil were quite similar to those 
observed with other extracts of Rauwolfia serpentina. 

RINZLER 


Tuchman, H. and Crumpton, C. W.: A Comparison 
of Rauwolfia Serpentina Compounds, Crude 
Root, Alseroxylon Derivative, and Single Alka- 
loid, in the Treatment of Hypertension. Am. Heart 
J. 49: 742 (May), 1955. 

Observations on the continued use of reserpine, 
Raudixin, Rauwiloid and Serpasil in 47 selected 
patients with arterial hypertension revealed no 
significant difference in the blood pressure-lowering 
effect between these agents. The average blood 
pressure reduction was 35 mm. Hg in the mean 
arterial blood pressure, a fall which was statistically 
significant. Successful therapy with Rauwolfia 
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serpentina depends on an adequate quantity of 
medication and prolonged administration, the latter 
being the more important. 


RINZLER 


Rowe, G. G., Huston J. H. Maxwell, G. M., 
Weinstein, A. B., Tuchman, H. and Crumpton, 
C. W.: The Effects of 1-Hydrazinophthalazine 
upon Coronary Hemodynamics and Myocardial 
Oxygen Metabolism in Essential Hypertension. 
J. Clin. Invest. 34: 696 (May), 1955. 
Hemodynamic studies were performed on 11 

hypertensive subjects, 6 of whom received Hydrala- 

zine and 5 saline solution. 

It was found that Hydralazine decreased coronary 
vascular resistance and increased the coronary blood 
flow by about 34 per cent. The arteriovenous oxygen 
difference across the myocardium decreased by 27 
per cent, but because of the increased flow the 
(left ventricular) oxygen consumption remained 
unchanged. 

The reason for the reported precipitation of 
angina by Hydralazine is not apparent from these 
results and the authors suggest that angina may 
develop only in those patients who have a fixed 
coronary vascular resistance, and, therefore, are 
unable to compensate for the decreased perfusion 
pressure. This would result in a reduced coronary 
flow. It is also possible that Hydralazine directly 
affects myocardial metabolism so that available 
oxygen is not utilized and angina is thereby pre- 
cipitated. 

WaAIFE 


Perry, H. M. Jr. and Schroeder, H. A.: The Use of 
Pentolinium Tartrate with and without Hydrala- 
zine in the Treatment of Severe Hypertension. 
New England J. Med. 252: 1057 (June 23), 1955. 
This report is concerned with the treatment of 30 

severely hypertensive patients with oral pentolinium 

tartrate. Twelve patients had received no previous 
antihypertensive therapy, 12 had shown unpleasant 
side effects from treatment with a combination of 


. . . 4 
hexamethonium chloride and_ hydralazine _ 


6 had developed manifestations of collagen diseas 
after treatment with hexamethonium chloride ghd 
Hydralazine. f 

It was found that pentolinium tartrate had ad- 
vantages over other methonium salts in some pa- 
tients. Ion for ion, it was ten times as powerful 
as hexamethonium in lowering the blood pressure 
and by weight, it was five times as effective as the 
latter drug. It may produce all of the unpleasant 


side effects of autonomic blockade although the 
reactions seemed fewer and milder. It seemed es- 
pecially useful in those patients who required large 
doses of hexamethonium but were unable to tolerate 
it because of unpleasant side-effects. Although 
relative normotension was produced in some pa- 
tients with severe hypertension, marked vasomotor 
instability with severe variations in systolic pressure 
appeared during pentolinium treatment. In two of 
the patients with symptoms of collagen disease the 
dose of hydralazine was reduced to a third and a 
fifth of the previous amounts, and good blood 
pressure control with relief of the arthritides oc- 
curred with pentolinium tartrate. In two other 
patients in the collagen disease group, the previous 
degree of blood pressure control was achieved with 
treatment with resperine in addition to relatively 
large amounts of pentolinium. Sodium azide to- 
gether with pentolinium tartrate failed to control 
the blood pressure in the remaining two patients who 
had symptoms of collagen disease when treated with 
hydralazine and hexamethonium. 

When begun before the appearance of frank 
uremia, the combination of pentolinium tartrate 
and hydralazine gave satisfactory results in some of 
the worst cases of hypertension. 

RosENBAUM 


Stein, D. H. and Hecht, H. H.: Cardiovascular and 
Renal Responses to the Combination of Hex- 
amethonium and 1-Hydrazinophthalazine (Apreso- 
line) in Hypertensive Subjects. J. Clin. Invest. 
34: 867 (June), 1955. 

Cardiac and renal hemodynamic studies were 
performed on 18 hypertensive subjects; some re- 
ceiving Apresoline alone, others Apresoline and 
hexamethonium. The objective was to see whether 
a ganglionic blocking agent would alter some of the 
adverse side-effects occasionally seen after Apreso- 
line. 

The observations indicate that a moderately 
hypotensive dose of hexamethonium does not alter 
the ability of Apresoline to increase renal plasma 
flow in some subjects. When Apresoline was ad- 
ministered alone, the cardiae output increased. 
This increase could be blocked by the prior ad- 
ministration of the ganglionic blocking agent. These 
observations may offer a rational basis for a ther- 
apeutic combination of these drugs; the hypotensive 
effects are greater, the renal plasma flow may still 
increase, but there is little increase in cardiac out- 
put and cardiac work. 

WaAIFE 
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SCIENTIFIC SESSIONS ABSTRACTS 
NOW DUE BY JUNE 15 


Abstracts of all papers intended for presen- 
tation at the 1956 Scientific Sessions of the 
Association must be submitted no later than 
June 15. This represents a month’s postpone- 
ment from the originally announced deadline. 
The Scientific Sessions are to be held in Cin- 
cinnati’s Music Hall, October 27-29, in con- 
junction with the AHA’s 32nd Annual Meeting. 
The complete Association program in the Ohio 
city is scheduled to run from Saturday, October 
27, through Wednesday, October 31. 

To be accepted for presentation, papers must 
be based on original investigations in or related 
to the cardiovascular field. Abstracts should 
not exceed 300 words in length and should be 
submitted in triplicate on special forms pro- 
vided by the Association. 

This year, for the first time papers based on 
original studies in the areas of interest of the 
AHA’s Council on Community Service and 
Education will be integrated into the Scientific 
Sessions’ program. For this reason particular 
attention is called to the Council’s invitation 
to those who wish to report such studies on 
nutrition, rehabilitation, epidemiology and re- 
lated fields to submit abstracts before the June 
15 deadline date. 


Exhibit Applications 


June 15 is also the deadline for applying for 
space to present scientific exhibits at the Ses- 
sions. The use of a large public auditorium will 
enable the Association to greatly expand facili- 
ties for both scientific and technical exhibits. 

Further information on applications for ex- 
hibit space as well as on submission of abstracts 
may be obtained from the American Heart 
Association, 44 East 23 Street, New York 10, 
N. Y. Commercial organizations wishing space 
for technical exhibits are advised to contact 
Stephen K. Herlitz, Inc., 280 Madison Avenue, 
New York, N. Y. 


STATEMENT ON SMOKING 
ISSUED BY AHA 


Much greater knowledge is needed before 
conclusions can be drawn concerning possible 
causal relationships between tobacco smoking 
and coronary artery disease according to a 
statement approved by the Association’s 
Executive Committee. 

The statement reflected findings of a com- 
mittee appointed in 1954 to evaluate available 
scientific evidence relating to smoking and 
cardiovascular diseases. Definite knowledge, 
the Association statement asserted, is limited 
largely to laboratory and clinical evidence that 
smoking is “harmful in certain diseases of the 
peripheral blood vessels of the arms and legs.” 
Cited as a clear demonstration of this was the 
effects of smoking on those suffering from 
thrombo-angiitis obliterans (Buerger’s disease). 

The Association also noted that a ‘small 
percentage of persons with known disease of 
the coronary arteries will develop symptoms 
and display signs detectable by laboratory 
tests when they smoke.” The statement ex- 
presses the feeling that such people may be 
harmed by smoking. 

However, for the large majority of cases, 
the committee said that it believes that avail- 
able evidence is not adequate to define the 
effect of smoking on the heart and coronary 
vessels and that “‘much greater knowledge is 
needed before any conclusions can be drawn 
concerning relationships between smoking and 
increased death rates from coronary heart 
disease.’’ To obtain such knowledge, the state- 
ment suggested that it may be necessary to 
employ ‘techniques and research methods that 
have not hitherto been applied to this problem.” 

In conclusion, the statement urged that a 
technical committee representing a “wide 
range of research experience be established to 
suggest the lines of investigation that may be 
most productive.” 


Circulation, Volume XIII, April, 1956 
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BLAKESLEE AWARDS ENTRIES 
CLOSE TUESDAY, MAY 1 

May 1 is the last day on which entries may 
be submitted for the 1956 Howard W. Blakes- 
lee Awards competition conducted by the Asso- 
ciation. The awards, which carry a minimum 
honorarium of $500 each, will be made for 
newspaper and magazine articles, books, radio 
and television programs and films which were 
published or produced between March 1, 1955 
and March 1, 1956. Recipients will be those 
who in the opinion of the judges contribute 
most to public understanding of the cardio- 
vascular system and its diseases. 

<ntry forms and information on the Blakes- 
lee Awards may be obtained from the Associa- 
tion, 44 East 23 Street, New York 10, N. Y. 


AHA TO REVIEW ABSTRACTS FOR 
INTER-AMERICAN CONGRESS 

Research investigators and clinicians in the 
United States wishing to present papers at the 
Fifth Inter-American Congress of Cardiology 
to be held in Havana, November 11-17, should 
submit abstracts of their papers to the Ameri- 
can Heart Association, 44 East 23 Street, New 
York 10, by July 1. The papers will be re- 
viewed and transmitted to the Congress 
Committee. This is in accordance with the pro- 
cedure established by the Inter-American 
Congress. 

Abstracts should be no more than 200 words 
in length and should be submitted in triplicate. 
At the Congress itself, each paper will be 
allotted 10 minutes for presentation and five 
minutes for discussion. Among the subjects 
selected for discussion in panels and symposia 
at Havana are cerebrovascular accidents— 
diagnosis and modern treatment; treatment of 
coronary disease; modern aspects of arrythmias; 
treatment of hypertensive vascular disease; 
etiology and treatment of atherosclerosis; 
chronic cor pulmonale; clinical electrocardiog- 
raphy and vectorcardiography; present status 
of heart surgery. 

The program will also include scientific ex- 
hibits and technical exhibits on the latest ad- 
vances in therapeutics and cardiologic equip- 
ment. Invitations to present scientific exhibits 
will be limited to institutional groups. Those 


interested should obtain additional information 
from the Congress at the address given below. 

Registration fee for the entire Congress, in- 
cluding social events, is $25. Associate registra- 
tions for wives and family may be arranged for 
$10. Money orders should be made out to Dr. 
Luis Ortega Verdes, Treasurer. All mail with 
regard to the Congress (excepting abstracts) 
should be sent to the Fifth Inter-American 
Congress of Cardiology, Apartado 2108, Ha- 
vana, Cuba. 


ARMED FORCES INSTITUTE PLANS 

CARDIOLOGY COURSE MAY 14-17 

A postgraduate course on diseases of the heart 
will be conducted for physicians by the Armed 
Forces Institute of Pathology in Washington, 
May 14-17. The course is endorsed by the 
American Heart Association. 

Both civilian and military physicians will be 
eligible to participate in the symposium with 
enrollment limited to 425 persons. The first 
day’s program will deal with heart embryology, 
anatomy, histology, the electrical conduction 
system of the heart and pharmacologic aspects 
of cardiology. Subsequent programs will be 
focused on congenital malformations of the 
heart, rheumatic fever and rheumatic heart 
disease, coronary atherosclerosis and occlusion 
and the less common forms of heart disease. 

Course director is William C. Manion, M.D., 
Chief of the Armed Forces Institute of Pathol- 
ogy’s cardiovascular section. The Institute is 
the central laboratory of pathology for the 
military establishment. 

Participants in the symposium will include: 
Bradley M. Patton, M.D., University of 
Michigan; Oscar V. Batson, M.D., University 
of Pennsylvania; Maurice Lev, M.D., Miami, 
Fla.; Edward Hawthorne, M.D., Howard Uni- 
versity; Theodore Koppyani, M.D., George- 
town University; Jesse E. Edwards, M.D., 
Mayo Clinic; Col. Thomas Mattingly, M.D., 
Walter Reed Army Hospital; T. F. Hilbish, 
M.D., National Institutes of Health; Charles 
Hufnagel, M.D., Georgetown University; T. G. 
Borilla, M.D., Walter Reed Army Medical 
Center. 

Also Proctor Harvey, M.D., Georgetown 
University; Major John Maloney, M.D., 
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Armed Forces Institute of Pathology; Major 
Edward Jahnke, Jr., M.D., Walter Reed Army 
Medical Center; Otto Saphir, M.D., Univer- 
sity of Illinois; Charles Friedberg, M.D., 
Columbia University; Joseph T. Roberts, 
M.D., Buffalo Veterans Administration Hos- 
pital; Colonel Byron Pollock, M.D., Fitzsimons 
Army Hospital; Walter C. Putschar, M.D., 
Charleston General Hospital; Sylvester E. 
Gould, M.D., Wayne County General Hos- 
pital; Kenneth R. Mallory, M.D., Boston City 
Hospital; Frank Johnson, M.D., Armed Forces 
Institute of Pathology. 

Also Lieutenant Colonel Loren F. Parmley, 
Jr., M.D., Walter Reed Army Medical Center; 
Richard Follis, M.D., Armed Forces Institute 
of Pathology; Samuel Rosen, M.D., Armed 
Forces Institute of Pathology; William Von 
Glahn, M.D., Louisiana State University; and 
Richard O’Dell, M.D., Charleston, W. Va. 

Civilian physicians who desire to attend may 
apply directly to the Director, Armed Forces 
Institute of Pathology, Washington 25, D. C. 
Doctors in the armed forces should make 
application through normal military channels. 


AHA COMPLETES NEW FILM 
ON RESEARCH 

A film for the general public on cardio- 
vascular research has been completed by the 
Association. Entitled, “Secrets of the Heart,” 
the motion picture is designed to increase public 
understanding of medical research and the role 
of basic scientists in the fight against cardio- 
vascular diseases. 

The half-hour picture was produced by MPO 
Productions and written and directed by 
George C. Stoney who previously did the prize- 
winning film on rheumatic fever, ‘“The Valiant 
Heart,” for the Association. ‘“‘Secrets of the 
Heart” devotes itself to interviews with re- 
search investigators in their laboratories during 
which the scientists explain and demonstrate 
their actual work. Irvine H. Page, M.D., 
President of the Association serves as a scien- 
tific guide for the audience. 

“Secrets of the Heart” will be distributed 
through the AHA and state and local Heart 
Associations, and it is expected that it will be 
shown on television in many areas. 


CANADIAN HEART ASSOCIATION SETS 
ANNUAL MEETING JUNE 14-15 


The eighth annual meeting of the Canadian 
Heart Association will be held in Quebec City, 
June 14 and 15. Physicians from the United 
States will be welcome to participate in the 
programs. 

Additional information on the program and 
other details affecting attendance at the meet- 
ing may be obtained from John D. Keith, 
M.D., 555 University Avenue, 
Ontario. 


Toronto, 


CONFERENCE ON MERCURIALS 
SCHEDULED IN NEW YORK 


The New York Academy of Sciences has 
scheduled a two-day conference on mercury 


and its compounds for Friday and Saturday, 
April 6-7, at the Barbizon-Plaza Hotel in New 
York City. The first day’s program will be 
devoted to the physical and chemical properties 
of the mercurials, and the second day to clinical 
applications, with emphasis on the utilization 
of mercurial diuretics. Among the subjects to 
be covered will be the clinical effectiveness of 
mercurial diuretics in congestive heart failure, 
and out-patient management of the cardiac 
patient with oral mercurial diuretics. 

All physicians and workers in the biologic 
and physical sciences are welcome to attend 
sessions which begin at 9 A.M. each day. 


MEETINGS CALENDAR 


April 15: American Society of Biological Chemists, 
Atlantic City. Philip Handler, Duke University, 
Durham, N. C. 

April 15-16: American Society for Artificial Internal 
Organs, Atlantic City. Peter F. Salisbury, M.D., 
Institute for Medical Research, Cedars of Lebanon 
Hospital, 4751 Fountain Avenue, Los Angeles 29. 

April 15-20: American Society for Pharmacology 
and Experimental Therapeutics, Atlantie City. 
C. C. Pfeiffer, Emory University School of Medi- 
cine, Emory University, Ga. 

April 15-21: American Society for Experimental 
Pathology, Atlantic City. Cyrus C. Erickson, 874 
Union Ave., Memphis 3. 

April 24: Scientific Session of the New York Heart 
Association, New York. J. Murray Steele, M.D., 
New York Heart Association, 485 Fifth Ave., 
New York 17. 

April 26-28: American Association of Pathologists 
and Bacteriologists, Cincinnati. Edward A. Gall, 
Cincinnati General Hospital, Cincinnati 29. 
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April 27-28: American Gastroenterological Associa- 
tion, Atlantic City. H. Marvin Pollard, University 
Hospital, Ann Arbor, Mich. 

April 29: American Federation for Clinical Re- 
search, Atlantic City. William W. Stead, V.A. 
Hospital, Minneapolis 17. 

April 30: American Society for Clinical Investiga- 
tion, Atlantic City. A. P. DeWeese, 515 Fast 
Main Street, Kent, O. 

May 1-2: Association of American Physicians, 
Atlantic City. P. B. Beeson, Yale University 
School of Medicine, New Haven 11. 

May 3-4: American Geriatrics Society, Chicago. 
Malford W. Thewlis, 25 Mechanic St., Wakefield, 
ate 

May 6-11: Society for Pediatric Research, Buck Hill 
Falls, Pa. Sidney 8S. Gellis, 330 Brookline Ave., 
Boston 15. 

May 29-June 3: Society of American Bacteriologists, 
Houston. J. H. Bailey, Sterling-Winthrop Re- 
search Institute, Rensselaer, N. Y. 

June 7-10: American College of Chest Physicians, 
Chicago. Murray Kornfeld, 112 E. Chestnut St., 
Chicago 11. 

June 7-10: American Therapeutic Society, Chicago. 
O. B. Hunter Jr., 915 19th St., N.W., Washing- 
ton, D. C. 

June 8-12: American Medical Women’s Association, 
Chicago. Lillian T. Majally, 1790 Broadway, 
New York 19. 

June 9: North American Chapter, International 
Society of Angiology, Chicago. Henry Haimovici, 
M.D., 105 E. 90th St., New York 28. 

June 10: Society for Vascular Surgery, Chicago. 
Henry Swan, 4200 E. 9th Ave., Denver 7. 

June 18-20: American Neurological Association, 
Atlantic City. Charles Rupp, 133 8. 36th St., 
Philadelphia. 

July 23-26: International Congress of Develop- 


menta) Biology, Providence, R. I. Prof. Paul 
Weiss, Rockefeller Institute for Medical Re- 
search, 66th St. and York Ave., New York 21. 

July 27-31: Second International Symposium on 
the Cellular Basis of Differentiation, Providence, 
R. I. Prof. Paul Weiss, Rockefeller Institute for 
Medical Research, 66th St. and York Ave., New 
York 21. 


ABROAD 


April 24-27: Annual Health Congress, Royal Sani- 
tary Institute, Blackpool, England. P. Arthur 
Wells, Esq., Royal Sanitary Institute, 90 Buck- 
ingham Palace Rd., London 8.W.1. 

April 28—May 5: Third International Conference on 
Health Education, Rome, Italy. Lucien Viborel, 
Sec.-Gen. 92 rue Saint-Denis, Paris ler, France. 

May 9: Geneva: 9th World Health Assembly, World 
Health Organization. WHO, Palais des Nations, 
Geneva, Switzerland. 

May 24-26: First International Congress of Infec- 
tious Pathology, Lyon, France. Prof. Sedallian, 
Pres. of Committee of Organization, 77 rue Pas- 
teur, Lyon, France. 

June 20-22: Ciba Foundation Colloquium on Endo- 
crinology: Regulation and Mode of Action of 
Thyroid Hormone (by invitation), London. Dr. 
G. E. Wolstenholme, Director of Foundation, 41 
Portland Place, London, W.1. 

July 22-27: 8th International Congress of Pediatrics, 
Copenhagen, Denmark. Congress of Pediatrics, 
Domus Medica, 12A Kristianiagade, Copenhagen. 

July 22-28: 8th International Congress of Radiology, 
Mexico City. Dr. Jose Noriega, Sec. Gen. of Con- 
gress, Tepic 126 (2e piso), Mexico City 7. 

July 30-Aug. 4: 20th International Physiological 
Congress, Brussels, Belgium. Prof. J. J. Reuse, 
Faculté de Médicine et de Pharmacie, 115 Boule- 
vard de Waterloo, Brussels. 





CONTRIBUTORS TO THIS ISSUE 


Oscar J. BatcHum, M.D., Pu.D. 


Research Fellow, American Heart Association; De- 
partment of Medicine, University of Colorado 
School of Medicine, Denver, Colo. 


Morpecat A. Berkun, M.D. 


Formerly, Trainee, National Heart Institute, Na- 
tional Institutes of Health, U. 8S. Public Health 
Service; currently, Clinical Assistant in Medicine, 
The Mount Sinai Hospital, New York, N. Y. 


J. M. B. Buoopwortn, Jr., M.D. 


Assistant Professor of Pathology, The Ohio State 
University, College of Medicine, Columbus, Ohio. 


S. Gitpert Biount, Jr., M.D. 


Associate Professor of Medicine; Director, Cardio- 
vascular Laboratory, University of Colorado School 
of Medicine, Denver, Colo. 


Ropert B. Case, M.D. 


Senior Assistant Surgeon (R), Laboratory of Cardio- 
vascular Hemodynamics, National Heart Institute, 
National Institutes of Health, U. 8S. Public Health 
Service, Bethesda, Md. 


Epuraim Donoso, M.D. 


Formerly, Fellow, Dazian Foundation for Medical 
Research; currently, Research Assistant in Cardiol- 
ogy, The Mount Sinai Hospital, New York, N. Y. 


H. Encevsperc, M.D. 


Associate Physician, Cedars of Lebanon Hospital, 
Los Angeles, Calif. 


J. EARLE Estes, Jr., M.D. 


Consultant, Section of Medicine, Mayo Clinic; 
Assistant Professor of Medicine, Mayo Foundation, 
Graduate School, University of Minnesota, Roches- 
ter, Minn. 


GerEoRGE Davin GEcCKELER, M.D. 


Clinical Professor ef Medicine, Head, Cardiology 
Department, Director, Institute for Cardiovascular 
Research, Hahnemann Medical College and Hospi- 
tal; Consultant, Children’s Heart Hospital, Phila- 
delphia, Pa. 


Gorrrepo GENsINI, M.D. 


Research Fellow, Colorado Heart Association; De- 
partment of Medicine, University of Colorado 
School of Medicine, Denver, Colo. 


Ray W. Girrorp, Jr., M.D. 
Consultant, Section of Medicine, Mayo Clinic; 
Instructor in Medicine, Mayo Foundation, Graduate 
School, University of Minnesota, Rochester, Minn. 

Vincent L. Gorr, M.D. 
Trainee, National Heart Institute, U. S. Public 
Health Service; Fellow in Surgery, University of 
Minnesota Medical School, Minneapolis, Minn. 
ARTHUR GRISHMAN, M.D. 
Assistant Attending Physician for Cardiology, The 
Mount Sinai Hospital, New York, N. Y. 
EK. von Haam, M.D. 
Professor of Pathology, The Ohio State University, 
College of Medicine, Columbus, Ohio. 
Ropert A. Heim, M.D. 
Assistant Professor of Medicine, College of Medi- 
cine, University of Cincinnati, Cincinnati, Ohio. 
WiLuiAM HoLuANpER, M.D. 


Evans Research Fellow in Medicine, Evans Memo- 
rial, Massachusetts Memorial Hospitals; Instructor 
in Medicine, Boston University School of Medicine, 
Boston, Mass. 


WALTER E. Jupson, M.D. 


Assistant Professor of Medicine, Boston University 
School of Medicine; Assistant Visiting Physician, 
Massachusetts Memorial Hospitals; Assistant Mem- 
ber, Evans Memorial, Massachusetts Memorial 
Hospitals, Boston, Mass. 


RussELL H. KesseLMAN, M.D. 
Formerly, Trainee, National Heart Institute, Na- 
tional Institutes of Health, U.S. Public Health Serv- 
ice; currently, Department of Medicine, Veterans 
Administration Hospital, Wilmington, Del. 

R. Kuun, M.D. 
Clinic Physician, Cedars of Lebanon Hospital, Los 
Angeles, Calif. 

RicHarp G. Lester, M.D. 
Instructor, Department of Radiology, University of 
Minnesota Medical School, Minneapolis, Minn. 

C. Warton Lititeser, M.D. 


Associate Professor, Department of Surgery, Uni- 
versity of Minnesota Medical School, Minneapolis, 
Minn. 


Circulation, Volume XIII, April, 1956 





Jutius Lirrer, M.D. 


Assistant Visiting Physician, Massachusetts Memo- 
rial Hospitals; Instructor in Medicine, Boston Uni- 
versity School of Medicine, Boston, Mass. 


JERE W. Lorp, Jr., M.D. 


Professor of Clinical Surgery, New York University 
Post-Graduate Medical School; Visiting Surgeon, 
Bellevue Hospital, Fourth Division; Attending 
Surgeon, University Hospital, New York, N. Y. 


Jack Marcouis, M.D. 


Formerly, Trainee, National Heart Institute, serv- 
ing as a Fellow of the Cardiovascular Department, 
Medical Research Institute, Michael Reese Hospital 
Chicago, Ill.; currently, Chief, Department of Medi- 
cine, Veterans Administration Hospital, Big Springs, 
Tex. 


Epwarp Mettman, M.D. 


Chief of Medicine, Long Island Jewish Hospital, 
New Hyde Park; Clinical Associate Professor of 
Medicine, State University of New York, College 
of Medicine at New York, Brooklyn, N. Y. 


JAMES Merca.LFre, M.D. 


Associate in Medicine, Harvard Medical School; 
Associate Physician, Boston Lying-in Hospital; 
Junior Associate in Medicine, Peter Bent Brigham 
Hospital, Boston, Mass. 


Mary M. Muituer, M.D. 


Formerly, Research Fellow in Medicine, Harvard 
Medical School and Boston Lying-in Hospital, 
Boston, Mass; currently, Resident Doctor of Medi- 
cine, University of Minnesota Hospitals, Minneap- 
olis, Minn. 


GWENDOLYN L. Morris, M.D. 


Trainee, National Heart Institute, National Insti- 
tutes of Health, U. 8S. Public Health Service; In- 
structor in Medicine, University of Cincinnati Col- 
lege of Medicine, Cincinnati, Ohio. 
Artuur T. Ness, Px.D. 

Chief, Chemical Control Laboratory, Department 
of Clinical Pathology, Clinical Center, National 
Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


H. Mircuett Perry, Jr., M.D. 


Instructor in Medicine, Washington University 
School of Medicine; Assistant Physician, Barnes 
Hospital; Visiting Physician, Saint Louis City Hos- 
pital, Saint Louis, Mo. 


Srmon Ropsarp, M.D., Px.D. 


Professor of Experimental Medicine and Director, 
Chronic Disease Research Institute, University of 
Buffalo School of Medicine, Buffalo, N. Y. 


Grace M. Roru, Px.D. 


Consultant, Section of Physiology, Mayo Clinic; 
Professor of Physiology, Mayo Foundation, Grad- 


uate School, University of Minnesota, Rochester, 
Minn. 


STANLEY J. Sarnorr, M.D. 


Chief, Laboratory of Cardiovascular Hemodynamics, 
National Heart Institute, National Institutes of 
Health, U. 8. Public Health Service, Bethesda, Md. 


Henry A. Scuroeper, M.D., F.A.C.P. 


Associate Professor of Medicine and Director of 
Hypertension Division, Department of Internal 
Medicine, Washington University School of Medi- 
cine; Assistant Physician, Barnes Hospital; Con- 
sultant, Saint Louis City Hospital, Saint Louis, Mo. 


MELVILLE I. Sincer, M.D. 


Fellow in Cardiology, Children’s Hospital of Cin- 
cinnati; Instructor in Pediatrics, University of Cin- 
cinnati College of Medicine, Cincinnati, Ohio. 


M. Srernman, M.D. 
Clinic Physician, Cedars of Lebanon Hospital, Los 
Angeles, Calif. 
FREDERICK STOHLMAN, Jr., M.D. 


Surgeon (R), National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health, 
U.S. Public Health Service, Bethesda, Md. 


PrTer W. Stone, M.D. 


Assistant Professor of Clinical Surgery, New York 
University Post-Graduate Medical School; Assistant 
Visiting Surgeon, Bellevue Hospital, Fourth Divi- 
sion; Assistant Attending Surgeon, University Hos- 
pital, New York, N. Y. 


Ricuarp L. Varco, M.D. 


Professor, Department of Surgery, University of 
Minnesota Medical School, Minneapolis, Minn. 


Rosert W. Wiikins, M.D. 


Professor of Medicine, Boston University School of 
Medicine; Associate Physician-in-Chief, Massachu- 
setts Memorial Hospitals; Associate Director, Evans 
Memorial, Massachusetts Memorial Hospitals, 
Boston, Mass. 


JoHN H. WINpDESHEIM, M.D. 
Fellow in Medicine, Mayo Foundation, Graduate 
School, University of Minnesota, Rochester, Minn. 
J. Epwin Woop, M.D. 


Research Fellow in Medicine, Evans Memorial, 
Massachusetts Memorial Hospitals; Instructor in 
Medicine. Boston University School of Medicine, 
Boston, Mass. 





Uta ORsa eum OnS 


patient 


aS PILATE T eae 
Le a W, 


diuretic — 


HE NEEDS AN ORGANOMERCURIAL 


In those patients with borderline or very mild congestive heart failure who can even 


get along without diuretic therapy, any agent producing minimal or intermittent 
diuresis may appear to produce benefit. 


But when cardiac decompensation—mild, moderate, or severe—is established, depend- 
able and continuously effective diuresis—obtainable only with potent oral organomer- 
curials—is a therapeutic necessity. 


TABLET 


NEOHYDRIN 


BRAND OF CHLORMERODRIN 9 (16.3 4G. OF 3-CHLOROMERCURI-2-METHOXY-PROPYLUREA 
EQUIVALENT TO 10 MG. OF NON-IONIC MERCURY IN EACH TABLET) 


a standard for initial control of severe failure 


LAKESIDE MERCUHYDRIN SODIUM 


BRAND OF MERALLURIDE INJECTION 
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